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A page from 
THE ESSO HISTOIRE 
OF 
AERIAL LOCOMOTION 


Adapted from the French de 
P. Crochet-Damais. Illustrated par 
Philippe Féty avec permission. 


PERE FRANCESCO, LANA AND HIS DREAM-SHIP 


ERE FRANCESCO LANA, the Jesuit scholar, has some created quite a stir. His plans were reproduced in many works. 

claim to be considered another of the pioneers of aero- Leibnitz and others wrote at length on the scientific, political 
nautics. In 1670, at Brescia, he published a novel work, the and social possibilities of the “ navire aerostatique.” And 
“ Arte Maestria ”’ in which he outlined a project for an aerial when Pére Lana announced that his plans would soon be 
ship. It would consist of a coracle-shaped hull powered by converted into a practical machine capable of exploring 
four vacuum flasks, or spheres of tin-plate from which the air interplanetary space enthusiasm knew no bounds. 
had been exhausted by means of a pump. These globes were But as always there were those who predicted failure and 
to be moored to the skiff by means of cables, and the whole catastrophe, and the good Father at length became dis- 
contraption was to be steered by the helmsman or pilot couraged. We do not know whether his dream-ship ever left 
armed with an oar and a bit of a sail. It was a splendid, the drawing-board, but he had done quite enough, as they 
breath-taking conception. say in France, to win eternal fame as “le précurseur de nos 


Naturally enough Pére Francesco Lana’s flying-boat modernes astronautes.” 


Today genius gets results by remembering that it pays to say 


AVIATION FUELS & LUBRICANTS 
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CHAPMAN & HALL 
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“The Viscount is our fastest aeroplane, 
the biggest weight lifter, and the aeroplane 
with the longest economic stage distance.” 


Mr. Peter Masefield, 
Chief Executive of British European Airways. 


Views on 
the 
Viscount... 


“ We believe that the Viscount offers 
the best available in speed, comfort, 
economics and passenger appeal.” 


Mr. F. H. Carmichael, 
President of Capital Airlines. 


“The Viscount had to have, 
and did have, marked superiority in passenger appeal, 
reliability and economy.” 


Mr. G. R. McGregor, 
President of Trans-Canada Air Lines. 


people who know 


VICKERS VISCOUNT 


FOUR ROLLS-ROYCE DART PROPELLER-TURBINE ENGINES 


VICKERS-ARMSTRONGS LIMITED - AIRCRAFT DIVISION - WEYBRIDGE - SURREY 
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Come to think of it, weight nearly always is a problem. 
In almost every branch of industry—and particularly in transport 
—weight saved means greater all-round efficiency and economy. 
That’s where light, strong and durable ‘Kynal’ wrought aluminium 
alloys come in—enabling weight to be reduced without loss of 
strength. With the aid of the Technical Service and Development 
staff of I.C.I. Metals Division, engineers and designers are constantly 
finding new uses for ‘Kynal’ alloys. 
May we help solve your weighty problems? 


*‘KYNAL’ AND ‘KYNALCORE? wrought aluminium alloys are already 
extensively used in the following industries : 


Aircraft: ribs, spars, engine components, stressed skin covering, fittings, etc. 

Railways: structural members, roofing, panelling, windows, luggage racks, etc. 

Road Transport: structural members, floor planks and panelling, windows, tread strips, doors, small 
fittings, etc. 

Shipbuilding: bridges, wheelhouses, outer funnels, lifeboats and davits, decks, skylights, stanchions, 
bulkheads, water tight doors, etc. 

Building: roof coverings, side cladding ul 


's and windows, panelling, interior fittings, etc. 


AND 
wROUGHT AL 


IMPERIAL CHEMICAL INDUSTRIES 


ORE’ 
KYNALGO ALLOYS 


LIMITED, 


LONDON, S.W.I M.340 


PITMAN 


for books on aeronautics 


| 
| 


Aircraft Engines of the 
World, 1954 


By Paul H. Wilkinson. The new 1954 edition marks the | 
twelfth year of publication of this international refer- 
ence book. Superbly produced and illustrated, it contains 
the latest information about jet engines and reciprocating 
engines from all over the world. 50/- net. 


Handbook of Aeronautics No. 2 
Component Design 


Published under the Authority of the Council of the 
Royal Aeronautical Society. This book describes the 
construction and principles of design of aircraft struc- 
tures, and the design and operation of the various parts. 
It also illustrates the great importance of weight control 
and its relation to efficient production and_ high 
performance. Fully indexed and illustrated. 30/- net. 


SIR ISAAC PITMAN & SONS LTD 


THE AERONAUTICAL 


Parker St - 


Kingsway « London, W.C.2 


QUARTERLY 


Volume V SEPTEMBER 1954 Part 3 
Ready in October 
CONTENTS 
The use of an Electrical Potential Analyser for 
the Calculation of the Pressures on Lifting 
Surfaces. 
S. C. Redshaw 
A Note on the Numerical Solution of Fourth 
Order Differential Equations. 
L. C. Woods 


A Theory of Uniform Supersonic Flow Past a 
Thin Oscillating Aerofoil at Appreciable 
Incidence to the Main Stream. 
Geoffrey L. Sewell 


Flame Stabilisation in High Velocity Gas 
Streams and the Effect of Heat Losses at Low 


Pressures. 
D. B. Spalding and B. S. Tall 
Theory of 
J. H. Preston 


A Simple Approach to_ the 
Secondary Flows. 


LONDON 
ROYAL AERONAUTICAL SOCIETY 


4 HAMILTON PLACE W1 
15/- 
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Wsewheel undercarriage 
‘on the Bristol Britannia 
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Striking 
Advantage 


PROBE & 
DROGUE 


Striking-power can be considered as the product of 
bomb-load and range. The effect of refuelling in flight is 
greatly to widen the limits of these two variables, with 
the result that operational strategy can be immensely 
more elastic as well as more economical in aircraft. \’et 
the cost of this quite revolutionary advantage, whether 
in terms of time, man-power or weight of equipment, is 
surprisingly small. Installation of Probe and Drogue 
equipment is a simple matter, even for the tanker 
aircraft, especially when it is provided for as a package 
unit at the design stage. As for operation, only the 
briefest instruction of pilots and ground crews is needed. 


; FLIGHT REFUELLING LIMITED 
tesa Tarrant Rushton Airfield, Nr. Blandford, Dorset 
Telephone: Blandford 501 

Telegrams: “ Refuelling, Blandford” 
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Extension of AERODYNAMICS 
DATA SHEETS to include 


Su personics 


© - WINGS 


“TURBULENY Skin 
FOR ZERO ON 


WITH 


The new sheets in this series, now 
being sent to all holders of Aero- 
dynamics Data Sheets, deal principally 
with Supersonic Aerodynamics. They 
include : — 

(i) Fundamental supersonic—isen- 
tropic flow, simple wave flow, 
plane and conical shock waves, 
approximate two - dimensional 
theory, 

(ii) Wave drag of three-dimensional 
bodies—parabolic and conical 
forebodies and afterbodies, in- 
terference wave drag, 

(iii) Base pressure on wings and 
bodies, 

(iv) Properties of two-dimensional 
supersonic aerofoils, 

(v) Skin friction drag. 


THE ROYAL AERONAUTICAL SOCIETY 
4 HAMILTON PLACE, LONDON, W.1 


[JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


Jé 


Jol 


h 
| 
LSS. 
° 
ba 
; 
€ 
8 


4BA7 


The 10°40 for Istanbul... 


REGD. TRADE MARK 


...owes much to 


Everyone who has flown in the turboprop Vickers Viscount is 
enthusiastic over its comfort. speed, and lack of vibration. On 
some routes it has doubled the amount of traffic going BEA. 
The Viscount, like so many of the world’s finest aircraft, 
makes use of ‘ Duralumin ’—manufactured by James Booth 


& Co. Ltd., pioneers of light, strong aluminium alloys. 


Photograph by courtesy of B.E.A. 


JAMES BOOTH & COMPANY LIMITED ARGYLE STREET WORKS « BIRMINGHAM 7 
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a blind eye can be dangerous 


A wise man does not wait till trouble comes, he 
insures against it. So with Britain . .. who 

today has built up an air strength formidable 
enough to deter any would-be aggressor. Much 

of this vast insurance for peace stems from the great 
Hawker Siddeley Group; the Group that builds 
such superb aircraft and jet-engines. Some 

of the most famous of these are the Hawker Hunter, 
finest fighter in the world; the Avro Vulcan, 

the world’s first 4-jet Delta-winged bomber; 

the Gloster Javelin, the world’s first twin-jet all 
weather delta-winged interceptor. All these 
aircraft are in super-priority production for the 
R.A.F. and N.A.T.O. They are the Western 
world’s forceful argument for a prosperous 


and peaceful future. 


Hawker Siddeley Group 


18 St. Fames’s Square, London, S.W.1 


PIONEER...AND WORLD LEADER IN AVIATION 


A.V. ROE - GLOSTER - ARMSTRONG WHITWORTH 
HAWKER +» AVRO CANADA - ARMSTRONG SIDDELEY 
HAWKSLEY - BROCKWORTH ENGINEERING 


AIR SERVICE TRAINING - HIGH DUTY ALLOYS 
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ruggedness by shonin their S55 ten- 
seater helicopter wholly i in Elektron © 


ZsZ—D.T.D. 721 

RZ5— D.T.D. 748 

0.1% Proof Stress 8-10.5 


“With acknowledgements to: 
Westland Aircraft Ltd. 
J. Stone & Co. (Charlton) Ltd. 


EE for our NEW booklet “WEIGHT CONTROL WITH 


sheet and by using many Elektron 
Elektron ‘castings = 135 1b. 
CASTINGS (including Class 1). 
=. 
NESIUM ELEKTRON LIMITED 
CLIFTON. JUNCTION - MANCHESTER London Office: Bath House - 82 Piccadilly = London W1 . 


Another 


WIND TUNNE 
for 
HAVILLAND 


The High Speed Tunnel recent} 
completed has been followed by: 
second and larger installation fo 
Low Speeds. 
In both cases, the welded structural 
steel and platework, designed in 
conjunction with De Havillands, 
was fabricated and erected by 
Harveys. 


The ductwork, in plate thicknesses ranging from 
js” to 4”, demonstrates the craftsmanship of the 
template maker and plater in producing out of 
the ordinary and complicated shapes true to 
profile, and to meet the exacting requirements of 
the aerodynamics of wind tunnel design. 

The above view inside the Low Speed Tunnel, 
looking down-stream into the working section, 
shows clearly the change of profile form- 
ing the contraction unit which speeds up 
the air. 

In the foreground, provision has been ) 
made for the fitting of a stainless steel 
woven wire screen, 17 feet high by Ih 
22 feet wide, woven as a single unit by ¥ 
Harveys. 


G.A. HARVEY & CO. (LONDON) LTD., 
WOOLWICH ROAD, LONDON, S.E.7 
Telephone ...... GREenwich 3232 (22 lines) 
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You will enjoy incomparable service 
everywhere you fly by air-minded 
Australia’s Overseas Airline. 
To Qantas all-Australian 
flight crews, unsurpassed in long distance 
flying experience, it is always a 
pleasure, as well as a duty, to be of 
service to every passenger. 

Always one of the world’s first airlines, 
QANTAS—with 33 years flying 
experience—operates a vast interna- 
tional air network. And many QANTAS 


routes are unduplicated by any other airline. 


@ QANTAS LINKS LONDON, FRANKFURT, ROME, CAIRO, 
BEIRUT, KARACHI, BOMBAY, COLOMBO, CALCUTTA, 
BANGKOK, SINGAPORE, DJAKARTA, SYDNEY, JOHANNESBURG, 
MAURITIUS, COCOS IS., PERTH, MELBOURNE, HONG KONG, 
MANILA, TOKYO, NEW GUINEA, PACIFIC IS., FiJl, HONOLULU, 
SAN FRANCISCO, VANCOUVER. 


AUSTRALIA’S \ OVERSEAS AIRLINE 


Qantas Empire Airways Ltd —with B.0.A.C., B.E.A. and TEAL 


Consult your usual appointed Travel Agent, any office of B.O.A.C. or Qantas Empire Airways Limited, 69 Piccadilly, W1. Telephone Mayfair 9200 
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How often it has 

proved that an enquiry 

to Accles & Pollock for a job, 
never previously considered to 

be capable of being made in tubes, 
has led to a better solution than the 
designer thought possible ! 


HEY! YOU! YOUVE NOT SAID A SINGLE 

WORD ABOUT OUR EXPERIENCE iN TAPERED 
TUBES AND TUBES FoR 

UNDERCARRIAGE STRUCTURES | 
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Almost every week of every year, Accles & Pollock’s skill in tube 
making and tube manipulation is being turned anew to good account; 
saving weight and providing greater strength; saving man-hours 
and providing greater economy; or just tackling the impossible, and 
making it a practical, efficient, simple reality. 

You are invited to consult Accles & Pollock on any difficult manu- 
facturing problem which may respond to skilful treatment through 
precision tubes in Stainless or Carbon Steels, or the newer alloys. 


YOU NEED 


Accles & Pollock 


ACCLES & POLLOCK LTD - OLDBURY <: BIRMINGHAM 


A ) Company - Makers and manipulators of precision tubes in plain carbon, alloy and stainless steels, and other metals - 
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Problems of flight 


| 


JET PROPULSION 


For a few years jets have propelled men at almost 
fantastic speeds through the air. For a few million 
years they have propelled squids through the water. 

Man devised this technique of locomotion to solve 
a particular and difficult problem. So did Nature. 


The problem was the same: to achieve greater speed. 
For the squid is a creature of prey. To catch the 
darting, elusive fish he feeds on he has long clutching 
arms, lined with suckers and sometimes with teeth 


and hooks. But none of this elaborate equipment 
would serve him unless he could move fast. 

So Nature adapted the ‘‘ foot ’’ that all molluscs 
have (the squid is a kind of mollusc) into a siphon. 
An ‘‘ intake ’’ —a slit to the front of the squid’s 
underpart — scoops in water, which is then forcibly 
ejected through a narrow nozzle by muscular con- 
traction. The velocity of this method of swimming 
is remarkable. The men of the Kon- Tiki saw squids 
shooting clear of the surface with the power of their 
jets, and often found them in the morning on the 
roof of their cabin, where prodigious leaps had 
landed them during the night. 

Jet propulsion is ultra-modern—and pre-historic. 
Its development has been one of the greatest 
advances man has made since he learnt to fly— and 
an advance that Nature made before men walked. 

Pilots who fly jet-propelled aircraft — like those 
who fly all other types — value the excellent and 
helpful service, at all Britain’s major airfields, of 
the Shell and BP Aviation Service. 


SHELL and BP AVIATION SERVICE 


Shell-Mex and B.P. Ltd., Shell-Mex House, Strand, London, W.C.2. 
Distributors in the United Kingdom for the Shell, Anglo-Iranian and Eagle Groups. 
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Three 
men’s hands 


The one hand on the lever is about to make 
a small movement—and the battery electric fork- 
lift truck will pick up 36 crates, and take them to 
the waiting lorry. The electric truck will take the 
crates quickly, quietly, safely and economically. 
Without the truck, at least three men would have 
been needed, and the job would have taken them very 
much longer. There are electric trucks for handling 

all kinds of products, from reels of cable to molten 
steel; easy to drive, long-lived and economical, 
they speed up production, save time, save labour. 
But the electric truck is 

only one of the aids to 

higher Productivity that 
Electricity can bring you. 
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IN EVERY INDUSTRY OR TRADE, 
electrical equipment is the key to 
modern production methods. There are 
probably more production-boosting and 
money-saving devices than you know of. Your 
Electricity Boardcan help youand give yousound advice. 

They can also make available to you, on free loan, 
several films on the uses of electricity in Industry— 
produced by the Electrical Development Association. 

E.D.A. are publishing a series of books on 
“Electricity and Productivity’. Four titles are 
available at the moment; they deal with Higher 
Production, Lighting, Materials Handling and 
Resistance Heating. The books are 8/6 each (9/- post 


free) and the Electricity Boards (or E.D.A. themselves) | 


can supply you. 


The British Electrical Development Association, 
2 Savoy Hill, London, W.C.2 


Electricity 


a Power of Good 
for PRODUCTIVITY 
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re It is no idle boast to say that David Brown 
~- = Precision Castings speak for themselves for their 
pe very appearance invites handling, inspection and 
loan, admiration. Intricate shapes, fine in detail and 
“4 with little or no machining have been success- 
ba fully cast in high-melting temperature alloys, as 
pe well as heat resisting, stainless and high tensile 
post steels. 
Ives) 

The metallurgical equipment and experience of 
mn, a laboratory staff who exercise strict control in 


the maintenance of standards, is at your service 
and we invite your enquiries. 


THE 


DAVID BROWN 


CORPORATION (SALES) LIMITED 
FOUNDRIES DIVISION 
PENISTONE NEAR SHEFFIELD 
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T IS NOW five weeks since I left Singapore on my 

way home at the end of my visit to the Divisions in 
Southern Africa, Australia, and New Zealand and the 
Singapore Branch. 

Earlier this year I had made a short visit to Canada 
and the United States and so I was not unprepared for 
the way in which I was “organised.” Preparatory to 
my arrival each Division Secretary and Branch Secretary 
had arranged an itinerary which included visits to 
aircraft firms, research establishments, and air line 
operators, and as a result I obtained a very good picture 
of all aviation activity in the Dominions. Despite the 
tightness of these schedules I was shown some of the 
native beauties of the several countries, and, for my 
pleasure, I was given an insight into the home life of 
each place. 

I met many members of the Society and many of the 
Branch members, and all were enthusiastic in con- 
tributing to the aims towards which the Society was 
founded. The Divisions are in good heart, and each 
Branch has officers who spend much of their spare time 
organising lectures and functions, ably supported by 
their Committees. 

There are few aircraft firms manufacturing aero- 
planes—The Commonwealth Aircraft Corporation, The 
Government Aircraft Factory, and de Havillands 
(Australia) are exceptions—but there are many firms 
using the aeroplane, both air line operators and agricul- 
tural operators. In Australia and New Zealand the 
air lines do considerable business in freight carrying, 
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and, in New Zealand especially, agricultural operating, 
with its many facets, is very important in the life of the 
people. There are over fifty firms, operating more than 
two hundred aircraft, engaged in top-dressing. This 
means that the use of the aeroplane becomes a major 
industry. 

Everywhere the Divisions are supported by the 
industry and the operators, and also by the Air Force 
from which many of the office-bearers are drawn. 

I think my tour fulfilled its purpose, for now the 
Divisions know that they are an important part of the 
Society, and in London there is now knowledge of the 
people themselves, and the conditions under which they 
work. 

I was much impressed by what had been done, and 
the plans I was told augur well for the future. 

Everyone combined to make my visit both pleasur- 
able and memorable, and I should like them all to know 
my appreciation of the way in which everything was 
made smooth. 

It would take up more space than I am allowed were 
I to name everyone who helped me to enjoy my visit, 
but I should like to mention the Presidents, Chairmen, 
and Secretaries, who contributed so much to the success 
of my visit. 

I must not forget the Ladies who with easy friend- 
liness showed me every hospitality. 


“Too right” the phrase is Tot Siens. 
Kia Ora, 


Secretary 
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WOTTCES 


An annual sum of £250 is available for premium awards for papers, including 


Technical Notes, published in the Journal. 


Society are invited to submit Papers on any aspect of aeronautics 


SELECTION OF PRESIDENT-ELECT 


Mr. N. Rowe, CBE. DEC: ACGL, 
M.I.Mech.E., M.Inst.T., F.1.A.S., F.R.Ae.S., Whit.Ex., has 
been selected President-Elect of the Society for the year 
1955/56. He will take office at the Annual General 
Meeting on Sth May 1955. Mr. Rowe is Technical 
Director, Blackburn & General Aircraft Ltd. 


News OF MEMBERS 


Air Commodore F. R. BANKS (Fellow), formerly Tech- 
nical Manager and Chief Engineer of the Associated Ethyl 
Co. Ltd., has joined the Board of the Bristol Aeroplane 
Co. Ltd. 


Captain K. J. G. BARTLETT (Associate Fellow) has been 
elected President of the Fédération Aéronautique Inter- 
nationale. 

Dr. J. A. J. BENNETT (Fellow) has been appointed 
Professor of Aerodynamics at The College of Aeronautics, 
Cranfield. 


W. R. BITCHENO (Associate) is taking up a post in the 
Aviation Department of the Canadian Marconi Company 
in Montreal. 

CHRISTOPHER CLARKSON (Associate Fellow) has been 
appointed Vickers-Armstrongs representative in the United 
States. 

Wing Commander B. E. DUNKLEY (Associate Fellow) 
will shortly be taking up an appointment as Command 
Aeronautical Inspection Officer at Headquarters, Middle 
East Air Force. 


P. E. FELGATE (Associate Fellow) is now Chief Devc'op- 
ment Engineer, Engine Controls, at the Cheltenh.m 
Factory of Smiths Aircraft Instruments Ltd. 

J. FINNIGAN (Graduate) has taken up an appointmeni as 
a Gas Turbine Test Engineer at W. H. Allen, Sons & Co. 
Ltd., Bedford. 


R. A. FRAZER (Fellow) retired from the Aerodynamics 
Division of the National Physical Laboratory at the end 
of October. 


H. W. GoopinGce (Associate) has been appointed 
Assistant Director of the Society of British Aircraft 
Constructors. He was formerly the Technical and 
Exhibition Secretary of the S.B.A.C. 

Squadron Leader J. F. Hatt (Associate) has been 
appointed Command Photographic Officer, Middle East 
Air Force. 

Wing Commander E. H. MAULE (Associate Fellow) has 
been posted to R.A.F. Pembrey as Senior Technical Officer. 


J. J. Moins (Fellow), formerly Chief Technician of 
M.L. Aviation Ltd., has been appointed Chief Designer to 
Microcell Ltd. 


G. A. G. Morris (Associate) has recently been appointed 
Works Manager of the Hermes Fleet of Skyways Ltd. 

G. REYNaRD (Associate Fellow), formerly a Power Plant 
Development Engineer with the de Havilland Aircraft Co. 
Ltd., has joined the Technical Service Branch (Aviation 
Division) of the Distribution Department of the Anglo- 
Iranian Oil Company in London. 


R. T. SAGE (Companion) has taken an engineering post 
at A. & A.E.E., Boscombe Down. 
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Members and non-members of the 


THE TENTH BRITISH COMMONWEALTH AND EMPIRE LECTURE 


The Council have pleasure in announcing that His Royal 
Highness the Duke of Edinburgh, K.G., will deliver the 
Tenth British Commonwealth and Empire Lecture on 
Thursday 16th December 1954 at 6 p.m. in the Assembly 
Hall, Church House, Great Smith Street, Westminster, 
S.W.1. 


Admission to the Lecture will be by ticket only and 
Members are asked to apply for tickets not later than 
Wednesday 8th December 1954. 


FIFTH ANGLO-AMERICAN CONFERENCE JUNE 1955 


The attention of members is drawn to the application 
form for membership of the Fifth Anglo-American 
Conference which was included with the October Journal, 


ASSOCIATE FELLOWSHIP EXAMINATION 


The next Associate Fellowship Examination will be 
held in the offices of the Society on the 20th, 21st and 22nd 
December 1954. All candidates who have entered for the 
Examination will be informed of the arrangements. 


METEOROLOGY AND FLIGHT 


A course of ten lectures, beginning on 20th January 
1955, is to be given on Thursdays from 6.30 p.m. to 8.30 
p.m. by Dr. R. S. Scorer in the Department of Meteorology, 
Imperial College, in the Huxley Building. The syllabus 
covers General, The Study of the Tephigram, The Relation 
between Pressure and Wind, Mountain Waves and Con- 
vection in the Atmosphere. The fee for the course will 
be 10s. 


Application forms and further particulars may be 
obtained from The Deputy Director of Extra Mural 
Studies, Senate House, London, W.C.1. Telephone: 
Museum 8000. 


ACKNOWLEDGMENTS 


The Council acknowledge with sincere thanks the return 
of back numbers of the JouRNAL from Cdr. F. W. N. 
Bassett, Assuciate Fellow; R. E. Hardingham, Esq., Fellow: 
J. A. Finch, @sq., Associate Fellow; A. W. Fraser, Esq., 
Associate Fellow; A. Rattle, Esq., Associate Fellow; and 
S. W. Slaughter Esq., Associate Fellow. 


NEWS OF MEMBERS—CONTINUED 


T. Simpson (Associate Fellow) has been appointed 
Chairman and Managing Director of H. M. Hobson Ltd. 
Squadron Leader J. P. SPILLANE (Associate) has been 
appointed for duty at the Ministry of Supply, Rocket 
Propulsion Department, Westcott. 
A. H. STRATFORD (Associate Fellow) has been appointed 
Technical Manager of the Australian Division of Sir W. G. 
Armstrong Whitworth Aircraft Ltd. 
Professor A. D. YOUNG (Fellow) has been appointed to 
the Chair of Aeronautical Engineering at Queen Mary 
College, University of London. 
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LONDON 

November 
Main Lecture.—Boundary Layer Control. Dr. G. V. 
Lachmann. At the Institution of Mechanical Engineers, 
| Birdcage Walk, S.W.1. 6 p.m. (Tea 5.30 p.m.) 

16th November 
SECTION LecTURE.—Uses of the “Ace” Computer. Dr. 
E. T. Goodwin. 4 Hamilton Place, W.1. 7 p.m. 

17th November 
GRADUATES’ AND STUDENTS’ SECTION.—Bird Flight and the 
Aeroplane. Captain J. L. Pritchard, C.B.E. 4 Hamilton 
Place, W.1. 7.30 p.m. 

25th November 
SECTION LECTURE.—The Development and Investigation of 
Fatigue Cracks. Dr. N. Thompson, 4 Hamilton Place, 
Wl. 7 pan. 

2nd December 
GRADUATES’ AND STUDENTS’ SECTION.—Seaplanes—A Sur- 
vey of the Development of Water-Based Aircraft Design. 
R. F. R. Storey. 4 Hamilton Place, W.1. 7.30 p.m. 

9th December 
SECTION LecTURE.—Problems of Structural Design. D. 
James. 4 Hamilton Place, W.1. 7 p.m. 

16th December 
TENTH BRITISH COMMONWEALTH AND EMPIRE LECTURE.— 
H.R.H. THe Duke oF EpINBURGH.—Assembly Hall of 
Church House, Westminster. 6 p.m. Admission by ticket 
only, See separate notice. 
SECTION LECTURE.—Free Tab Control. Dr. W. J. Strang. 
4 Hamilton Place, W.1. 7 p.m. 

4th January 1955 
SECTION LECTURE.—Recent Advances in the Knowledge of 
Transonic Air Flow. C. H. E, Warren. 4 Hamilton Place, 
Wl. 7 pan. 

6th January 
Main LectrureE.—Lecture to Young People. P. G. Mase- 
field. The Institution of Mechanical Engineers, | Bird- 
cage Walk, S.W.1. 3 p.m. (Tea 4.30 p.m.) 


BRANCHES 

6th November 
Yeovil.—Visit to Bristol Aeroplane Co. Special reference 
to Helicopter manufacture. 

8th November 
Henlow.—The Schneider Trophy Races and their Influ- 
ence on Aircraft Design. Group Captain L. S. Snaith. 
Building No. 62, R.A.F, Technical College, Henlow. 
7.30 p.m. 
Bristol.—The Exploration of Space. Arthur C. Clarke. 
Conference Room, Filton House, Bristol Aeroplane Co. 
6 p.m. 

9th November 
Belfast.—New Materials for Aircraft Construction. G. O. 


Jones. Kerr Room, Kensington Hotel, Belfast. 7 p.m. 
10th November 

Chester.— Aircraft Carriers. J. F. Lamont. Grosvenor 

Hotel, Chester. 7.30 p.m. 

Preston.—Progress in Gliding. A. H. Yates. Queen’s 


Hotel, Lytham. 7.30 p.m. 

12th November 
Birmingham.—President’s Night. General Interest Lec- 
ture. Birmingham Chamber of Commerce, New Street. 
Birmingham. 7.30 p.m. 

17th November 
Coventry.—The Rocket Power Plant. 
Lodge, Coventry. 7.30 p.m. 
Gloucester.—-The Performance and Operation of the Vis- 
count Aircraft. D. J. Lambert. The Wheatstone Hall, 
Brunswick Road, Gloucester. 7.30 p.m. 

18th November 
Isle of Wight.—Junior Members’ Evening. Saunders-Roe 
Club House, Church Path, E. Cowes. 6.30 p.m. 


S. Allen. Wine 
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Yeovil.—The Future of Air Power. Air Marshal Sir 
Robert Saundby, K.B.E., C.B., M.C., D.F.C., A.F.C. Park 
School, Park Road (off Princes Street), Yeovil. 7.30 p.m. 

19th November 
Brough.—Annual Dinner Dance. Ye Olde Duke of Cum- 
berland Hotel, North Ferriby. 

22nd November 
Belfast.—Plastics in Aircraft. H. Baker. 
Room, Kensington Hotel, Belfast. 7 p.m. 
Henlow.—The Aeroplane and its Engine. Air Commodore 
F. R. Banks, C.B., O.B.E. The College of Aeronautics, 
Cranfield. 7.30 p.m. 

23rd November 
Boscombe Down.—Bird Flight. Captain J. L. Pritchard, 
C.B.E. Main Dining Hall, Airmen’s Mess, A. and A.E.E., 
Boscombe Down. 5.30 p.m. 

24th November 
Bristol User Problems in Industry. B. S. Shenstone. 
Conference Room, Filton House, Bristol Aeroplane Co. 
6 p.m. 
Preston.—Lecturettes. Harris Institute, Preston. 7.30 p.m. 
Southampton.—2nd Mitchell Memorial Lecture. Problems 
and Aspects in British Air Transport. P. G. Masefield. 
Institute of Education, University of Southampton. 7 p.m. 
Weybridge.—Branch Prize Lecture. Vickers-Armstrongs 
Ltd., Weybridge. 6 p.m. 

Ist December 
Glasgow.—Any Questions. A social evening. St. Enoch 
Hotel. 7.30 p.m. 
Luton.—Rubber. George Hotel. 7.30 p.m. 

3rd December 
Chester.—Annual Dance. 
mere. 

6th December 
Henlow.—Film Evening. Building No. 62, R.A.F. Tech- 
nical College, Henlow. 7.30 p.m. 

7th December 
Bristol.— Living Machines. W. Grey Walter. Conference 
Room, Filton House, Bristol Aeroplane Co. 6 p.m. 

8th December 
Brough.—Fatigue: The Metallic Death-Watch Beetle. 
D. C. Smith and E. W. C. Wilkins. Lecture Hall, Electri- 
city Showrooms, Hull. 7.30 p.m. 
Chester.—Compound Diesel Engines for Aircraft. E. 
Chatterton. Grosvenor Hotel, Chester. 7.30 p.m. 
Weybridge.—From Subsonic to Supersonic. Dr. D. W. 
Holder. Vickers-Armstrongs Ltd., Weybridge. 6 p.m. 

9th December 
Cheltenham.—(Joint Lecture with the Society of Instru- 
ment Technology). Packing of Precision Equipment. 
S. C. Schuler. St. Mary’s College, Cheltenham. 7.30 p.m. 
Isle of Wight.—Annual General Meeting and Film. 
Saunders-Roe Club House, Church Path, E. Cowes. 
6.30 p.m. 
Yeovil.—High Speed Air Tunnels. R. Hills. Park School, 
Park Road (off Princes Street), Yeovil. 7.30 p.m. 

10th December 
Birmingham.— Aircraft Electrics. H. E. West. Birming- 
ham Chamber of Commerce, New Street, Birmingham. 
7.30 p.m. 
Bristol.—Christmas Ball. Royal Hotel, Bristol. 8 p.m. 
Preston.— Annual Dance. Imperial Hotel, Blackpool. 

11th December 
Cheltenham.—Buffet Dance. Queen’s Hotel. 

14th December 
Belfast.— Debate: 


Reception 


Four-Ways Restaurant, Dela- 


Modern Aircraft are Unnecessarily 


Complicated. Kerr Room, Kensington Hotel. 7 p.m. 
15th December 

Coventry.—Film Evening. Wine Lodge, Coventry. 7.30 p.m. 

Southampton.—Some Recent Developments in High Speed 

Aircraft. Handel Davies. Institute of Education, Univer- 

sity of Southampton. 7 p.m. 
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Diary 
(Continued) 

17th December 
Weybridge.— Annual Dance. 

Sth January 1955 
Brough.—The Domain of the Helicopter. Raoul Hafner. 
Lecture Hall, Electricity Showrooms, Hull. 7.30 p.m. 
Chester.— Aircraft Wheels and Brakes, Development Test- 
ing. P. W. Dryland. Grosvenor Hotel, Chester. 7.30 p.m. 
Gloucester.—Developments in Aviation in European 
Countries. P. B. Locke. The Wheatstone Hall, Bruns- 
wick Road, Gloucester. 7.30 p.m. 
Luton.—Junior Night. George Hotel. 7.30 p.m. 

6th January 
Yeovil.—Air-to-Air Photography. L. Russell-Adams. 
Park School, Park Road (off Princes Street), Yeovil. 
7.30 p.m. 

10th January 
Glasgow.—Film Evening. Royal Technical College. 
7.30 p.m. 


ELECTIONS 
The following is a list of new members and transfers of 


membership of the Society :— 


Associate Fellows 


Peter James Ballard 
(from Graduate) 

George Braithwaite 
Beardsworth 

Reginald Henry Douglas 
Chamberlin 

Edward Derek Davis 

Frederick Eric Draycott 
(from Associate) 

John Anthony Dunsby 
(from Graduate) (from Graduate) 

Reginald George Ernest Sydney Alfred Tennant 
Furlonger (from Associate) 

Arthur Grimes Derwent Greville Turnbull 

Donald Howard Charles William Edward 
(from Graduate) Ward (from Associate) 

Geoffrey John Hudson Theodore Weiner 

Maurice Mistovski 


George Beric Parkin 
(from Graduate) 
Walter Augustus Ernest 
Puntis (ex Graduate) 
John Leonard Raynes 
(from Graduate) 
Ivor Schofield 
(from Graduate) 
William Richard Stephens 
Herbert Alfred Spufford 


Associates 


George Barr 

Vernon Clare Belding 
Stanley Braithwaite 
William Davis 

Patrick Ronald Keogh 


Richard Benjamin Mancus 
Wladyslaw Nowak 
Clifford Ernest Rogers 
Thomas Edward Ward 


Graduates 


William Brookes 
(from Student) 
Frederick Creedy 


Reginald Alan Saunders 
Alexander William Sharp 
Lawrence Shavick 
(from Student) (from Student) 
Stanley Harold Dance Jon Christopher Fleming 
(from Student) Smith 
John Walter Gardner Raymond Clive Tear 
(from Student) Henry Watson 
Douglas Harold William David Gordon Young 
Hykin (from Student) 
Maureen Elizabeth Michael 


Students 


John William Andrew Eric William Pomfret 
Conway Godfrey Paul Proudfoot 
Robert Donald Harman Ruben Richard Reitchuck 
Harold Reginald Hughes Robin Shepherd 

Richard James Nigel Offer 


Companion 


Reginald George Brett 


LIBRARY 
The Library will be closed on 20th, 21st and 22nd 


December 1954. 
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ANNUAL SUBSCRIPTIONS 


Members are reminded that their annual subscription; 
become due on Ist January 1955. The rates are:— 


HOME ABROAD 

‘s.id, £ d 
Fellows a 5 5 0 4 4 4 
Associate Fellows 44 0 3 3a 
Graduates (aged under 26) 228 2. 
Graduates (aged 26 and over) .. 2 12 6 2.105% 
Students (aged under 21) @ 
Students (aged 21 and over) tt 6 1 11 6 
Founder Members 2, 127 Dap 


* Any Associate elected before Ist October 1947 may, 
if he wishes, elect not to receive the JOURNAL, and in this 
case his subscription will be reduced by £1 Is. 0d. to 
£2 2s. Od. 

It will avoid delay and confusion if members, when 
sending remittances for subscriptions, will state their 
names clearly and give their addresses and grades of 
membership. Remittances should be made payable to the 
Royal Aeronautical Society. 


JOURNAL BINDING 

Self-Binder Cases 

Self-Binder cases of the “ Easibind”’ type are available 
from the offices of the Society. These binders are for 
members who do not have their Journals permanently 
bound, or who wish to keep their Journals together during 
the year for binding later. 

These cases will hold 12 Journals which are kept in 
place by means of flexible steel wires. Journals can be 
inserted or withdrawn easily without damage, so preserving 
the contents for permanent binding later. The Journals 
will open flat at any page. 

The binder is strongly made in durable dark blue leather 
cloth on stiff board covers and has gold lettering on the 
spine. The year is not blocked on the spine but there is 
a panel on which members who wish to use the binder as a 
permanent case can put the date. 

The cost is 11s. 6d. each including postage and packing 
for either the size to fit 1952 and previous Journals, or for 
the size to fit the bigger Journal (January 1953 onward). 
Orders and remittances should be sent direct to the 
Secretary at the Offices of the Society and it is important 
to state whether the old size or new size is required. 


Permanent Binding 


There is no increase in the price of permanent binding 
cf Journals. The prices are :— 


1953 Volume (including packing and postage) 16s. Od. 
Previous Volumes (including packing and postage 18s. 0d. 

Journals, with a note of the name and address of the 
sender, should be sent direct to The Lewes Press, Friars 


Walk, Lewes, Sussex, and the remittance to the Secretary 
at the Offices. of the Society. 


CHANGES OF ADDRESS 


To assist in keeping the records of members correct and 
up to date the Secretary will be glad if all members will 
notify him as soon as possible of changes of address. 


When notifying changes please give the following 
particulars : 
New address (in block letters). 
Old address. 


Name (in block letters). 
Grade of Membership. 


Changes of address must be received before the 15th of 
the month in order to be effective for the JOURNAL for the 
following month. 


> 
ing tk 
advar 
empl 
been 
burni 
A 
made 
spill 
engir 
achie 
the 
this 
help! 
cular 
\ 
spill 
wart 
inhe 
valu 
mee 
aire’ 
step 
dev 
con 
will 
sWi 
che 
thi: 
sWi 
aft 
fro 


Tiptions 


ABROA) 
8. 


( 


ailable 
ire for 
inently 
during 


ept in 
be 
erving 
urnals 


eather 
on. the 
lere is 
rasa 


acking 
or for 
ward). 
the 
ortant 


nding 


Od. 
3s. Od. 


the 
Friars 
‘etary 


t and 
will 


wing 
ers). 


th of 
r the 


The Journal of the Royal Aeronautical Society 


WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS 


VOLUME 58 NOVEMBER 1954 NUMBER 5327 


the 
and its Control System for Gas 
Turbine Engines 


by 
F. H. CAREY, A.F.R.Ae.S. 


(Director and Chief Designer, Dowty Fuel Systems Ltd.) 


INCE THE ADVENT of the aircraft gas turbine It will be appreciated that the degree of atomisation 
engine, yarious ways have been employed for feed- of the spray is a function of the kinetic energy inside the 
ing the fuel into the combustion chambers in the most swirl chamber and with the Simplex type burner this is 
advantageous manner. Perhaps the most commonly directly related to the amount of fuel discharged; thus, 
employed method has been the use of swirl atomising since the input flow to the swirl chamber varies with the 
nozzles, and in this group is the spill type which has square root of the pressure, there are certain limitations 
been used successfully for many years in industrial oil in flow range, as a sufficient minimum working pressure 
burning furnace equipment. must be achieved to obtain an ignitable spray and the 
Arising from the general review of burner nozzles maximum working pressures are limited by the capabil- 
made for the aircraft gas turbine engine in its early days, ities of the fuel pump. One arrangement for extending 
spill burners were used experimentally on the W2/700 this flow range can be made by employing say, two or 
engine. Among the problems encountered was that of more Simplex swirl chambers of differing flow range co- 
achieving suitable flow matching characteristics between axially, one inside the other, as in Diagram (5). At low 
the several burners of a set and also, that of arranging flows, only the inner chamber is being fed with fuel 
a satisfactory control system. The knowledge gained by which discharges through both the discharge orifices. At 
this early work has been made available and has proved higher flows, fuel is fed into both chambers simul- 
helpful to those who chose to carry on with this parti- taneously. 
cular type of fuel nozzle. The spill type burner shown in Diagram (c) differs 
While the good atomisation characteristics of the from (a) in that the rear wall of the swirl chamber, 
spill burner was in itself an encouraging feature which instead of being solid, has a central return passage or 
warranted its development, other desirable features, spill orifice. With this burner the input flow to the 
inherent in the spill nozzle, proved to be of considerable swirl chamber would normally pass through the spill 
value in the development of the fuel control system to orifice and none through the discharge orifice, but by 
meet both the functional and service requirements of the introducing a variable resistance in the spill line, fuel is 
aircraft gas turbine. emitted from the discharge orifice at a rate proportional 
This paper gives an outline of the major development to the resistance created. 
steps that have occurred with the burner and system With the spill burner, it may be realised that the 
in their evolution to the present stage. The detail degree of atomisation may be maintained at a very high 


development stages of the nozzle itself and of the various 
components comprising the system are numerous and 


POSITION OF AIR CORE POSITION OF AIR CORE 


| 
will not be dealt with on this occasion. Waw 
Figure 1 illustrates some burner heads, all of the ) 

swirl atomising type. Diagram (a) shows a Simplex type 
of swirl atomiser in which all the fuel entering the swirl i saan ia sdionatiessiniih 
chamber must pass out through the discharge orifice: a _ “4 
this figure illustrates something which is basic to all neon a ‘ween 
swirl type nozzles in that fuel enters a circular section 2 | Oto ru 
swirl chamber through tangential entry passages and, VONZ 
after swirling round inside the chamber, it breaks up into Aree]. AY |. (“41 
an atomised spray having a conical shape as it is emitted 
from the discharge orifice. | 

Based on a Section Lecture given to the Society on 16th COAXIAL SIMPLEX SWIRL CHAMBERS SPILL BURNER WITH BAFFLE PLATE 
March 1954, Ficure |. Atomising nozzles of swirl type burners. 
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PRESSURE DISTRIBUTION 
ACROSS VORTEX SECTION 


FiGureE 2. Spill burner atomising element. 


= value, irrespective of the large flow range, this being 
rae made possible by employing a high swirl velocity in the 
vortex of the swirl chamber, which remains constant 
for any given engine speed, and controlling the output 
flow through the discharge orifice by spilling the excess 
fuel back to the system via the spill orifice; in fact, satis- 
factory atomisation can be achieved with this type of 
burner even though the discharge is as low as one per 
cent. of its maximum value and, in general, for a given 
input, the tendency is for the atomisation to improve as 
the discharge is reduced. 

When the burner is in operation the swirl chamber is 
not completely filled with fuel as the swirling mass of 
fuel is, in effect, a tube having a central air core. If the 
air of this air core is permitted to travel along the spill 
line with the returning fuel, all kinds of difficulties can 
be encountered. 

The burner head shown in Diagram (d) overcame the 
aeration problem by incorporating a baffle at the rear 
of the swirl chamber which arrested the air core and 
permitted fuel to pass to the spill return through a series 
of radially displaced holes, but this design was not 
pursued because of production and matching difficulties. 

Early tests also showed that a sudden change in 
direction of flow of the fuel in the swirl chamber had a 
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severe detrimental effect on the atomisation performance 
of the nozzle and, again, it was found necessary to keep 
the energy recovery between input and spill as high a 
possible to obtain satisfactory flow matching. 

Many arrangements of nozzles were made and 
finally that shown in Fig. 2 was found the most satisfac. 
tory, from both performance and manufacturing aspects, 

The main characteristic features of this burner are 
the spill orifice of continuous annular form and the 
diffusing chamber at the return side of this spill orifice, 
In this design the air core is arrested at the rear wall of 
the swirl chamber and the annular spill passage permits 
flow from the swirl chamber with the minimum interfer. 
ence to the rotating mass. The diffusing chamber which 
is at the root of the spill needle, effects a reduction in the 
rotating speed of the fuel before the direction of flow is 
changed to the spill passage. 

These features are obtained from fitting together 
three separately formed component parts which have 
been designed and developed for ease of manufacture 
and are such that the small variations within the 
precision manufacturing limits permit full interchange. 
ability between production batches of details, without 
introducing any adverse flow performance character- 
istics prior to matching. Burners are matched to + 2 per 
cent. deviation from a master burner over the complete 
flow range with the minimum amount of lapping. 


1.1. TESTING THE SPILL BURNER 


As Simplex burners have a square law pressure/flow 
relationship, the usual method employed for matching 
them is to set the input pressure at a standard value and 
to match the burner to a specific flow. This method could 
not be carried over for use in matching spill burners, as 
the delivery pressure of a spill burner bears no direct 
relationship to its output flow. 

At first, attempts were made to match spill burners 
by fixing the delivery and spill pressures and by match- 
ing the burner to a given flow. Due, however, to the 
steep pressure characteristics of the burner and to the 
inherent errors in the test rig, this method proved 
unsatisfactory and was abandoned in favour of the 
method of comparison with a master burner. 


Ficure 4. Production test rigs for spill burners. 
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Figure 3 shows a test rig, called a Comparator Rig, 
which is used in the process of matching spill burners. 
A master burner is set up as part of the rig and all the 
burners to be matched are individually tested in parallel 
with it. The two burners, that is to say the master 
burner and the one to be matched with it, are subjected 
i) various delivery and spill pressures and the corre- 
sponding flows are duly noted. Any departure from the 
permitted limits of deviation from the master burner are 
corrected by fine lapping of the appropriate nozzle 
detail. As a guide, lapping the discharge orifice will 
increase burner output, lapping the spill annulus will 
decrease output. 

Whereas Fig. 3 showed a Comparator Test Rig in 
diagrammatic form, Fig. 4 shows some actual production 
tet rigs which, in addition to the Comparator Rig, 
includes what is known as a Patternator Rig, for testing 
the spray to determine that the atomised droplets are 
evenly distributed, and also a Spray Angle Rig which 
enables the operator to see that the conical spray is of 
the requisite angle and that it is disposed symmetrically 
about the axis of the discharge orifice. 

The angle of spray as seen and approved on the pro- 
duction test rig is under static air conditions, whereas 
inside the combustion chamber of the engine the spray 
angle will be influenced by the air stream passing around 
it from the air shroud forming part of the burner head. 
The extent of these variations is represented by the 
graph on Fig. 5, showing that at the lower end of 
the output flow range, under static air conditions, there 
isan increase in spray angle. This variation is due to 
the axial velocity to each droplet of fuel being reduced 
proportionally with output, while the radial, or tangen- 
tial velocity resulting from the swirl of fuel remains 
substantially constant for any given input condition. 
This can be more easily appreciated perhaps in Fig. 6, 
which shows the nature of the spray of a burner operat- 
ing under static air conditions, as well as with simulated 
pressure differences across the air shroud at the con- 
dition of no spill and at a high percentage spill condition. 


2. Performance and Application of the 
Spill Nozzle 

The maintenance of a high combustion efficiency is 
much influenced by the quality of fuel atomisation 
which, with the spill burner, improves with altitude at 
any given engine speed, and tests have shown that at 
cruise conditions throughout an altitude range of 
60,000 ft. and at the normal operating air/fuel ratio, 
combustion efficiency does not fall below 98 per cent. 
With a Simplex burner the quality of atomisation can 
be affected by low fuel temperatures, with a consequent 
teduction in combustion efficiency, this being particu- 
larly apparent at fuel temperatures below — 25°C., when 
the degree of atomisation is considerably reduced by the 
effects of increased fuel viscosity. The spill type 
atomiser is not prone to these adverse effects, because 
of the temperature rise in the circulating flow. 
Figures 7, 8 and 9 show the embodiment of the 
atomising details, as shown in Fig. 2, in burners suitable 
for both downstream and upstream injection. 
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The spill type burner, when used for upstream injec- 
tion, benefits mechanically by the circulation of fuel 
taking place inside the burner. This flow, which exceeds 
the burner discharge, serves to prevent the burner 
becoming excessively hot when operating at altitude con- 
ditions, or where the discharge is small. 

As an indication to the ratio of input to output flows 
of a spill burner over the operating speed range of an 
engine, it may be helpful to study Fig. 10 which is based 
on sea level static I.C.A.N. conditions. 

The curve representing “Engine Requirements,” 
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Ficure 6. The effect of an air flow on burner sprays; on the 
left Simplex flow, and right, 85 per cent. spill condition. 
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FiGuRE 7 (right). Spill 
burner and gallery con- 
nection for downstream 

injection. 


FiGuRE 8. Sectional view of a spill 
burner for downstream injection. 


which varies according to the altitude and forward speed 
of the aircraft, shows the amount of fuel actually dis- 
charged from the burners into the combustion chambers 
of the engine, while the difference between this curve and 
the curve representing “ Pump Delivery,” which remains 
constant, is proportional to the rate of spill fuel return- 
ing to the system. 

The characteristic represented by 
the “ Acceleration Control” arrests 
any tendency of the system to over- 
fuel during rapid engine accelera- = 
tions, while the “Flow Control 
Throttle Limit” and “ Overspeed 
Governor” characteristics provide 
other limiting influences on the 
performance of the engine. 
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3. Fuel System 

The associated fuel control 
system for the spill burner, when 
applied to a furnace, usually gives 


Figure 9. Arrangement of spill burner 
and gallery for upstream injection. 
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a constant fuel flow to the nozzle and by incorporating 
a throttle valve in the spill line the output flow js 
controlled as required. 

With the aircraft gas turbine a fixed or constant flow 
to the burner, which obviously must satisfy the maxi- 
mum flow requirement of the engine, is not possible as 
the fuel pump is engine-driven. It was necessary, there. 
fore, to incorporate an arrangement which would select 
and maintain a pre-determined burner output setting, 
irrespective of changing flows and pressures brought 
about by pump speed fluctuations. 

Many control schemes were investigated and finally 
two were chosen for development, one employing a 
single circuit and incorporating an electro-hydraulic all- 
speed governor, the other comprising two independent 
circuits each embodying a pump. The single circuit 
arrangement with the electro-hydraulic  all-speed 
governor is shown in Fig. 11 where the rate of burner 
discharge is regulated by a throttle situated in the com- 
mon return line of all the burners. This throttle is 
hydraulically positioned, and is controlled by a two-part 
rotary sleeve valve, one part rotating with the engine 
and the other driven by an electric motor, the speed of 
which is varied by manual control. The speed of the 
electric motor dictates the speed of rotation of the sleeve 
coupled with the engine and any tendency for either 
sleeve to overtake or lag behind the other will be 
reflected at the throttle, which will automatically be con- 
trolled to maintain the two sleeves in synchronism. Thus, 
if the sleeve coupled with the engine tends to overtake 
the sleeve driven by the electric motor, the throttle will 
automatically reduce the rate of burner discharge until 
synchronisation of the two sleeves is restored. 
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FiGureE 13. The supply unit of the system. 


device which varies the pressure drop across the selected 
throttle opening in accordance with variations in 
altitude. 


4.1. THE SUPPLY PUMP 
The Supply Pump fitted to the two-circuit system is 
diagrammatically shown in the functional drawing (Fig. 
14) and for operational purposes it can be divided into 
two main functions: 
(i) The main pumping unit, 
(ii) The maximum speed governor. 


4.2. THE MAIN PUMPING UNIT 

This has a rotating cylinder block (16) turning 
about a fixed shaft (19) in which the suction (14) and 
delivery ports (1) are formed. The plungers (17) are 
reciprocated in their cylinders by slippers (18) attached 
to their outer ends bearing against a track ring (15), 
which is eccentric to the shaft axis. 


4.3. MAXIMUM SPEED GOVERNOR 


The effective delivery of the pump is regulated by a 
by-pass valve (12) which spills excess fuel from the 
delivery side back to inlet. Movement of this valve is 
controlled by small servo valves, one of which (7) forms 
part of the over-speed governor mechanism and is 
actuated by the pressure head, generated by a centrifugal 
impeller (20), applied to a spring-loaded diaphragm (6). 
The pressure head is a function of engine speed. — 
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Ficure 14. Functional diagram of the supply pump. 
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In the centre of the by-pass valve cover there is g 
connection (10) to the external servo circuits. 

The trip valve (9) is incorporated in the main high 
pressure line to the by-pass valve to ensure that the 
initial pressure in the pump passes via the restrictor to 
pressurise and close the by-pass valve on starting. 

The pressurising valve (3) ensures the maintenance of 
a minimum pump pressure for the operation of the by. 
pass valve, while permitting rapid priming of the LP. 
side of the system on starting. 

A sectional view of the pump, Fig. 15, shows the 
general arrangeinent of the components and this pump 
gives an output flow of 2,000 gall./hr. at 1,000 psi. 
delivery pressure when operating at 4,000 r.p.m. 

In the development of the fuel pump, considerable 
thought has been given to the choice and arrangement of 
various materials of the operating details so that satis. 
factory functioning is maintained, even if operated for 
periods on fuel containing substantial amounts of foreign 
matter. Much emphasis has been given to this aspect 
so that full advantage could be taken of the inherent dirt 
insensitivity of the spill nozzles themselves in the general 
conception of the fuel system as a whole, this applying 
especially to the single circuit system. 

The valve/rotor bore and track ring/slipper bearing 
of the pump illustrates this feature; from Fig. 16 it will 
be seen that the bearing, forming the rotor bore, acts 
both as a bearing to carry the various journal loads and 
as a fluid seal to maintain hydraulic efficiency. 

In order to effect this dual duty, the running clear- 
ance between valve rotor and valve bore must be 
maintained between 0:0002/0-0006 in. and such running 
conditions demand the incorporating of a foreign matter 
“absorbent” material in the build-up of the bearing, if 
fine filtration of the fuel is to be avoided. 

The combination of materials in effecting this aim 
and which have proved most successful have been 
achieved by making the valve stem of nitrided steel, 
arranging its surface to be of maximum hardness and 
the rotor bearing formed by a steel shell in which 0:020/ 
0-030 in. copper/lead lining has been cast in and on 
which a final coating of 0-001 in. tin/bismuth has been 
applied. 

This tin/copper/lead layer of the rotor bush acts as 
an absorbent for these foreign particles, carried by the 
fuel in its passage through the portings of the valve. 
which may be forced into the valve/rotor clearance. 


FiGureE 15, The supply pump. 
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Figure 16. Bearings of rotor and slippers of fuel 
pump element, 


‘aring | These particles become embedded into the lining of the 
t will | rotor bush without any harmful effect to either surface or 
acts | making any change in dimension which might cause any 
sand | disruption of either surface. 

The same approach is required for the slippers and 
Jear- | track ring bearing surface, in fact the conditions are 
t be | more severe, because foreign particles in the fuel 
ining } are thrown, by the centrifugal action of the rotor and 
atter | plunger slipper assembly, on to the track ring bearing 
ig, if | surface, over which the slippers must pass and there- 
fore an “ absorbent” material is even more essential. 
aim Originally the “ absorbent” material, approximately 
been | 0002 in. tin/bismuth plating, was adhered to the 
steel, | slippers themselves, the track ring being of nitrided steel. 
and | The 0-002 in. thickness of absorbent material proved 
020/ | insufficient to prevent damage when relatively large 
1 on | particles of foreign matter were encountered and, there- 
been | fore, did not permit the desired degree of filter 
relaxation. The larger foreign particles which became 
ts as | embedded in the slipper surface tended to move along 
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Ficure 18. The air/fuel ratio control unit, 


the surface of the slipper and caused a disruption of the 
plating along its entire length. 

By adopting the valve/rotor bearing arrangement, a 
more satisfactory condition was provided; as before a 
steel shell in which a layer of lead/ bronze approximately 


the 
ilve. 0-020/0-030 in. was cast, this receiving a further coating 
nee. of tin/bismuth approximately 0-001 in. thick. Slippers 


were made of nitrided steel, the bearing surface being 
hardened to the maximum. 

This combination permitted the foreign particles to 
become embedded into the soft track ring surfaces and 
remain fixed without harmful effects to either track ring 
or slipper surface. 


4.4. FLOW CONTROL UNIT 

One of the two main metering controls is the Flow 
Control, Fig. 17, which maintains a constant pressure 
difference across the throttle valve. The unit comprises 
an evacuated capsule stack and a diaphragm at 
opposite ends of a rocker lever. A seal, located at the 
lever pivot, prevents fuel leaking into the capsule 
FiGuRE 17. The flow control unit. chamber and the diaphragm is loaded by an adjustable 
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FLO'N CONTROL CIRCULATING PUMP 


SUPPLY PUMP 


THROTTLE 
FiGure 19. The circulating unit of the system. 


BURNERS 


spring assembly which tends to close a half-ball servo 
valve on to its seat. 

Connections from the upstream and downstream 
sides of the throttle valve lead to the half-ball valve side 
and spring side of the diaphragm respectively, thereby 
making the diaphragm responsive to the pressure differ- 

BS: ence across the valve and an adjustment is provided to 
akin set this difference to any pre-determined value. 
ew When the pressure difference across the throttle, and 
et ae thus across the diaphragm, tends to be greater than the 
as pre-set figure, the half-ball lifts and effects a flow 
through the servo system which, in turn, regulates the 
burner output to the required amount. 

The capsule stack expands with increasing altitude, 
thereby increasing the load on the rocker lever which, in 
turn, reduces the pressure difference required to operate 
’ the half-ball valve and in doing so reduces the fuel out- 
Nok put from the burners at any given throttle setting, in 
3 accordance with engine requirements at that altitude. 
The reverse occurs with decreasing altitude. 


4.5. AIR/FUEL RATIO CONTROL UNIT 


The other metering control is the Air/Fuel Ratio 
Control, Fig. 18, the purpose of which is to ensure that 
ag the ratio between fuel and air by mass throughout 
. periods of acceleration does not exceed the maximum 
safe value, and so prevent over-heating. 

The unit comprises a servo-operated metering valve 
and a rocker lever controlled servo half-ball valve con- 
nected to the supply pump servo system. 

The metering valve is located between spring 
assemblies. one of which is adjustable and to maintain 


FiGuRE 20. The circulating pump. 
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FiGure 21. The principle of operation. 


a constant pressure difference across the valve its 
position is controlled by an internal servo system in the 
unit consisting of a restrictor and diaphragm, the latter 
being loaded by an adjustable spring assembly con- 
trolling a half-ball valve, which varies the internal servo 
pressure accordingly. 

One end of the rocker lever is located in the adjust- 
able metering valve spring assembly while the other end 
is located between two bellows. The spring end of the 
lever, together with the evacuated bellows at the opposite 
end, tends to reduce the load on the main servo system 
half-ball valve, while the bellows, which are subject to 
pressure from the engine compressor, give a reverse 
effect. 

During acceleration the operation is as follows: 

The opening of the main throttle causes an increase 
in fuel flow and thus an increase in pressure drop across 
the metering valve in the unit. This causes the servo 
diaphragm to move against its spring and release the 
half-ball valve. This, in turn, causes the metering valve 
piston to move, opening the valve. 

As soon as the metering valve opens, the load on the 
end of the rocker lever is increased to permit the supply 
pump servo system half-ball to open to restrain the rise 
in supply pump output. 

The increased fuel flow causes the engine to 
accelerate and the engine compressor delivery pressure 
to rise. This increases the load at the bellows end of 
the rocker lever, tending to shut the main servo system 
half-ball valve and so increase the supply pump output. 

During steady running and deceleration the loading 
at the bellows end of the lever is always greater than that 
at the spring end and the half-ball valve connected to 
the supply pump servo system remains closed and does 
not affect the performance of the engine. 
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46. THE CIRCULATING CIRCUIT 

The circulating part of the system is shown in 
Fig. 19. 

a a pumping element, the circulating pump is 
similar to the supply pump. The outlet of the pump 
leads to the inlet of the burners and the spill orifice of 
the burner leads back to the inlet of the pump. By 
itself, the circulating pump will not bring about dis- 
charge through the burner orifices, as the pump merely 
provides the pressure difference caused by the burner 
restriction. Any fuel which is injected into the circulat- 
ing flow by the supply pump will bring about a 
corresponding discharge through the burners. 


4.7. THE CIRCULATING PUMP 

Figure 20 shows the circulating pump element which 
is housed in a block containing various control valves 
and fluid connections to minimise the number of pipes. 
Some designs of two-pump systems incorporate a centri- 
fugal circulating pump, but the foregoing principle is 
equally applicable since the pressure drop across the 
burner rises as a square law in the same order as 
the centrifugal pump delivery pressure. Such a system 
is shown in Fig. 23. 


5. Starting and Stopping 

In the development of the spill burner control 
systems, the existing techniques for starting and 
stopping could not be applied because of the relatively 
larger holes in the spill burner and also, because there 
is no distributor in the burner feed line to hold the 
galleries full. 

The main design consideration was starting with the 
cartridge system, where the engine assistance period is 
very short, while for shut-down it was essential to avoid 
dumping fuel into the combustion chambers. 

The starting and stopping system adopted is shown in 
Fig. 21. 

On starting, the gallery to the nozzle is primed by the 
aircraft tank booster pump and, on stopping or shut- 
down, the fuel is pulled back from the burners by the 
circulating pump and returned to tank. These opera- 
tions are controlled automatically by a positive-action 
two-position circuit valve within the system; also 
integral with this arrangement an automatic fuel supply 
is fed to the torch ignitors during the starting cycle. 

Figure 22 shows the Isolating Valve incorporating 
the automatically-operated valve which permits fuel to 
be fed to the high energy torch ignitors during the start- 
ing cycle. 

For normal running the valve is closed as shown, due 
to the delivery pressure of the circulating pump being in 
excess of the throttle downstream pressure, but during 
the starting cycle the difference between the two 
pressures is reversed and the isolating valve is lifted by 
the delivery of fuel from the supply pump, which passes 
to the torches where it is ignited. Increased fuel flow, 
as speed is increased, displaces the valve further until 
it communicates, by porting, the tank booster pump 
delivery to the burner galleries, thereby effecting their 
rapid priming. 
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FiGuRE 22. The torch ignitor circuit. 


This arrangement materially helps to attain clean 
and rapid starting as the torch flame, which is continu- 
ous over the starting cycle, is present before there is any 
discharge from the burners themselves. If there is any 
objection to the use of the tank booster pump, this duty 
could be performed by a small booster pump which, 
being required during the starting cycle only, could be 
driven by the starter itself. 

An alternative to the use of a booster pump during 
starting is to fit non-return valves at the inlet and return 
of each burner so that, following shut-down, the fuel 
galleries are kept full of fuel as shown in Fig. 23. This 
diagram also shows an orthodox two-circuit system 
incorporating a centrifugal type Circulating Pump as an 
alternative to the fixed displacement type. 

The fitting of non-return valves in the burners gives 
rise to problems associated with foreign matter inter- 
fering with their correct functioning and therefore, it has 
always been thought desirable to avoid such unnecessary 
moving parts in a system which could be affected by the 
presence of dirt in the fuel. 


6. Fuel Galleries 
With the spill burner, the associated galleries and 
feed pipes to the nozzles are necessarily larger than 
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FiGure 23. A two-pump spill system. 
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is required for the simplex type burner, because of 
the importance of keeping the pressure drops within the 
gallery and burner feed pipes to a minimum; also if the 
normal flexible or rigid pipes were used, the installation 
would be bulky and weighty. A new design approach, 
therefore, was made whereby in the arrangement of the 
fuel gallery and the connection to the burner, the use of 
flexible pipes or pipes with screwed ends, was avoided. 

An example of the piping technique adopted is 
shown in Fig. 24, where an arrangement of concen- 


FiGureE 25. A spill system with concentric gallery pipes 
on a Ghost engine. 


FicurE 24. A spill burner with a 
concentric pipe gallery. 
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trically-positioned rigid pipes is employed to deliver and 
return the spill fuel as required. All the pipes are fully 
floating in synthetic rubber “O” ring seals, which 
resulted in their being almost entirely free from vibration 
on engine test. 

Figure 25 shows the general arrangement of a con- 
centric pipe gallery fitted to a Ghost type engine, 
together with the junction boxes and connecting pipe 
assembly to the burner. 

Another similar arrangement is shown in Fig. 26 
where concentric pipes are employed between the burner 
and junction box, but in this case twin pipes are fitted 
between the respective junction boxes of the gallery 
assembly. 

Figures 27 and 28 illustrate another form of floating 
twin pipe gallery which has the burners directly attached 
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FicureE 26. A spill burner with a twin pipe gallery. 
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Ficures 27 and 28. Upstream injection burners with twin pipe gallery. 
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FIGURE 29. Down stream injection burners with a concentric pipe gallery. 
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FiGureE 30. Fuel pipe fire test rig for spill burner. 


to the junction boxes, while Fig. 29 shows the combina- 
tion of a concentric gallery with such an integral burner- 
junction box assembly. The choice and application of 
these various pipe arrangements is dependent on the 
dimensions of the engine to which the system is to be 
fitted, as well as other physical considerations. 

To determine whether this method of construction 
would withstand abnormal high temperatures at 
localised positions, some of these arrangements. were 
subjected to the A.R.B. fire test, as is normally applied 
to flexible hoses. The arrangement of test is shown in 
Fig. 30. 

The flow through the gallery and burner was 
arranged to represent the worst possible condition of 
heat dissipation by the conductive properties of the fuel 
flowing through the burner assembly, these being at 
idling speeds at high altitude. The results showed that 
the burner and gallery assembly successfully withstood 
a naked flame of 1,100°C. for the duration of five 
minutes without showing signs of leakage or structural 
distortion and, on subsequent dismantling, the detail 
parts showed no evidence of deterioration and were in 
an acceptable condition for re-build. 


7. Flow/Pressure Characteristics of the 
Spill System 


In designing the controls for use with the spill 
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burner, advantage has been taken of its pressure-floy 
characteristics. 

Figure 31 shows that with variations in flow a goo 
system pressure is always maintained and, even whe 
the engine is idling at high altitude, the system pressu; 
is still sufficient to ensure positive action of any control 
that is responsive to system pressure. The pressure-floy 
relationship between inlet and spill should also be noted, 
as it will be seen that for a given r.p.m. the difference 
between the inlet and spill pressure remains substantial 
constant, irrespective of burner output. , 

This characteristic feature is made use of in 
hydraulic all-speed governor, which will be described 
later. 

A considerable amount of engine flight and tes 
bench work established the qualities of the spill burner 
and its various pressure and performance features 
throughout the altitude range. The flight tests confirmed 
the combustion efficiency figures obtained on test rigs 
and demonstrated the effect throughout the whole speed 
range of the engine. 

The two-circuit system proved the controllability and 
good behaviour of the spill burner and, while this 
development was going on, some work was also pro- 
gressing with the single circuit spill system. 

It was realised that, with a speed control governor 
based on the relationship between inlet and _ spill 
pressures of the burner, a simple control system would 
be possible and, therefore, this conception of a simple 
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FiGure 31. Spill burner pressure characteristics. 
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hydraulic all-speed governor superseded the electro- 
nydraulic all-speed governor, as envisaged with the 
original single circuit system. 


1], THE SINGLE CIRCUIT SYSTEM 


Figure 32 shows the single circuit system incorporat- 
ing such a hydraulic speed governor in which the 
circulation is accomplished by the supply pump deliver- 
ing at its full capacity to the burners, the discharge being 
controlled by regulating the rate of spill. The pressure 
difference across the burner is used as an engine speed 
signal, and steady running conditions are achieved when 
this signal matches the spring load of the all-speed 
governor. Acceleration and minimum flow controls act 
as over-rides on the all-speed governor and use the 
spring load of the spill valve as a signal of flow where 
the spring load is matched to the characteristic of the 
valve. 

The spring force is measured on the respective con- 
trol beams; one being balanced to engine compressor 
delivery (P..) pressure for control of acceleration, and the 
other being connected to compressor inlet pressure (P,), 
to form a minimum flow control responsive to changes 
in engine inlet pressure. It has been found that one 
throttle characteristic could be made to satisfy the 
various theoretical optimum altitude requirements of 
acceleration within close limits. 

An essential requirement in the initial layout of this 
system was to ensure its ability to function on dirty fuel, 
and examination of the diagram will show how this has 
been achieved by keeping the pipe lines from the pump 
to the burner and the burner to the spill valve completely 
clear of control or metering valves. The holes in the 
nozzles being relatively large, and the spill valve of a 
type not sensitive to dirt, fine filtration is unnecessary 
and the use of a gauze-type filter of approximately 150 
mesh for the main fuel flow is permissible. The fuel 
supply to the servos must be well filtered, but as the 
flow is quite small (approximately 50 gall./hr. max.), 
the size of the filter required to ensure adequate filtra- 
tion with infrequent servicing can be quite small and 
easily accommodated. 

Figure 33 shows an arrangement where the spill 
atomisers are acting as flow dividers to suit combustion 
chambers having multi-point injection, and which are 
not necessarily of the atomising type. 

In this application the atomising quality of the spill 
nozzle is of no value, but its flow distributing character- 
istics make possible this method of fuel injection without 
resorting to metering valves incorporating moving parts 
which are susceptible to dirty fuels. With such a system, 
the pressure and flow characteristics would be the same 
as if the nozzle were injecting directly into the com- 
bustion chamber, and the same type of control system 
as previously described can be employed. 


7.2. DESIGN AIM 

In the development of the single circuit system, every 
effort was made to anticipate the control requirements 
of the more advanced and complex type of engines. 
Because of the many controls and the speed at which the 
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FiGuRE 32. Diagram of a single circuit system. 
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FIGURE 33. Spill type flow dividers. 
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FicureE 34. Single circuit system with electric speed trim. 


fuel system was required to respond on these engines, it 
appeared that the most practical way of achieving the 
requirements was by the introduction of electrics to 
convey the various signals to the fuel system from the 
various control parameters and to act as over-rides, or 
trimmers, on the main hydraulic circuit. 

With this arrangement, the mechanical and hydraulic 
complexity that would be necessary to achieve precise 
accuracy of control, involving corrections for varying 
temperatures and fuel densities, was avoided and the 
main objective for the basic hydraulic system was 
reliability and simplicity, but with adequate control to 
ensure safe and sure handling of the engine under all 
conditions in the event of failure of these electrics. 

With such a system the tie-up of the electrics to the 
hydraulics has been found to be of considerable import- 
ance for, in an electric sense, the required accuracy of 
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control becomes more practicable if little work is 
demanded of them in their function as trimmers. For 
instance, the electrics need not cover more than approxi- 
mately 25 per cent. of the speed or thrust range where 
accurate control is required for maximum r.p.m., cruise 
and synchronisation. 


A separate governor to fix the “emergency” maxi- 
mum engine speed would be incorporated, and would be 
of the mechanical type because of the necessity of it 
being insensitive to fuel densities and temperatures. 
Under normal running conditions this governor would 
not be in operation; its purpose would be to prevent 
exceeding the mechanical safe rotating limit and tem- 
perature of the engine through any major failure of the 
fuel control systems. 


This governor could also be used as an over-ride on 
the fuel control system so that in cases of emergency 
the pilot could get the maximum power possible for 
short periods. 


Figure 34 shows the single circuit system incorporat- 
ing an electrical speed trim arranged externally to the 
hydraulic circuit itself, the trim on the system being 
effected mechanically by lengthening or shortening the 
control rod between the pilot’s control and the all-speed 
governor, so that the governor or speed setting is kept in 
phase to that dictated by the pilot’s control. 


This simple arrangement of electrical speed trim is 
made possible because of the nature and control charac 
teristic of the hydraulic all-speed governor and its 
attraction lay not only in that it does not necessitate 
additional vents or controls on the hydraulic servo 
control system, which might introduce _ instability 
troubles, but also because failure of the electrics in part, 
or as a whole, does not affect the pilot’s complete control 
of the engine. 
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FIGURE 36. Single circuit spill system. 


With this electrical-mechanical arrangement, the 
speed trim is brought into effect only at ground idling 
and the upper speed range covering cruise and through 
{0 maximum speed, thus leaving the intermediate speed 
range under the control of the hydraulic all-speed 
governor, thereby limiting the duties of the electrical 
speed trim to that range where accuracy is required and 
avoiding inter-action where it is not, such as when the 
aircraft is being dived with the engine throttled back. 

The selection of speed trim when the pilot’s throttle 
isin the ground idling position is required to synchronise 
the speed range selection between pilot’s control and the 
all-speed governor, as this may change due to differing 
fuel densities. This pre-selection can be made automatic 
or brought under the control of the pilot on the initial 
running-up of the engine. 

Two types of temperature trim or control have been 
developed in connection with the single circuit system, 
one being electrical and operating from a temperature 
sensing element through a magnetic amplifier to the 
hydraulic servo circuit of the system, the other a mercury 
vapour type whereby a bulb containing mercury is the 
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FIGURE 37. Components of a single circuit system. 


temperature sensing element communicating with a 
Bourden tube which controls on a vent in the hydraulic 
servo system. 

Figure 35 shows the control which might be termed 
a mechanical-type temperature control and which is 
attractive because of its simplicity and the robust nature 
of its assembly and build. It can be arranged to act as 
a temperature range control, the speed signal derived in 
the same manner as that of the all-speed governor. 


7.3. UNIT CONSTRUCTION 

With the building of the single circuit system, a 
different approach has been made to the installation of 
the system as a whole. It has been the general practice 
that the various control components comprising the fuel 
system are positioned in convenient places on the engine 
and connected to each other by piping. 

In the arrangement of the spill system, a one-piece 
unit has been built to suit the engine and its installation, 
as shown in Figs. 36, 37 and 38. 

The various control components comprising the 
system, although separate, are attached to each other, 
the hydraulic feed passages being made by face joints. 
This permits individual component testing and replace- 
ment, as if the units were completely independent, as 
any component can be changed without removing the 
unit fuel system as a whole. 
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Ficure 39, Installation of fuel coolers. 


This method of construction has much in its favour, 
not only because of the considerable weight saving 
through the reduction of fuel pipes, but also because it 
reduces the number of joints and the general vulnera- 
bility of the system as a whole. 


7.4. OIL COOLING 

On engines where it is necessary to provide a cooler 
to limit the maximum temperature of the lubricating oil, 
use of the fuel as the heat transfer medium has been 
shown to be very effective and a convenient way of 
achieving this duty. 

The flow and pressure characteristics of the spill 
circulating system provide adequate scope for the 
effectual incorporation of such an oil cooler and is 
capable of a greater heat transfer than is possible with a 
Simplex nozzle-type system. 

Figure 39 shows Simplex and Spill-type systems with 
an oil cooler in the circuit. 

With the Simplex-type system shown in Diagram (1), 
there are limitations to the amount of heat that can be 
dissipated by the system, since the flow through the 
system at altitude to meet engine requirements might 
become too small; in these cases, an entirely separate 
circuit ‘s necessary, such as is shown in Diagram (2), 
which involves additional pumps and piping to and from 
the fuel tank. 
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With the Spill system, as shown in Diagram (3), the 
position of the oil cooler with regard to relative through. 
put flows is similar to the Simplex system but, because 
of the higher pressure level of the circulating circuit, the 
heat transfer capacity or “heat sink” is greater since 
boiling will not occur until considerably higher tem. 
peratures have been reached. 

If the amount of fuel normally circulating in a spill 
system should prove inadequate for cooling the oil, it is 
not necessary to provide an additional system such as is 
illustrated in Diagram (2), for the fuel in the spill control 
system can be changed at a rate greater than that 
required by the engine by diverting some of the spill 
return back to the fuel tank, thereby necessitating a 
corresponding greater input of cool fuel from the fuel 
tank to the spill circuit. This arrangement is illustrated 
in Diagrams (3) and (4) which also show a convenient 
way whereby this can be effected automatically by means 
of a temperature sensitive element, responsive to fuel 
temperature, which controls a valve to divert the 
requisite amount of spill return flow back to the tank to 
prevent a pre-determined maximum fuel temperature 
through the cooler and circulating circuit from being 
exceeded. 

An arrangement of this control is shown in Fig. 40 in 
which the temperature sensing element is built in as an 
integral unit. 


7.5. OPERATION WITH DIESEL FUELS 


During the development of the spill nozzle many 
combustion efficiency tests were made using “ heavier” 
grades of fuel, such as Diesel or “ gas oil.” These tests 
showed little deviation from the high combustion figures 
obtained with kerosine and petrol and also showed that 
good atomisation could be maintained on these heavy 
fuels at low temperatures. 

These fuels, at low temperatures, can adversely affect 
combustion efficiency due to the coarsening of the 
atomised fuel spray, but with the spill system this will 
not apply, because of the temperature rise in the circulat- 
ing flow. This can readily be appreciated by referring 
to Fig. 39, for it will be seen that the spill burner and 
fuel filter are never subjected to the aircraft tank fuel 
temperature, as in the Simplex system. 

The use of these “heavy” fuels in turbine engine 
aircraft is very attractive because of their low cost, safety 
and extension to the flight range, but their high freezing 
point has been the main obstacle to their introduction 
and, while the use of various heating arrangements has 
been considered, they have, in the main, necessitated 
added complication and weight. 

With the spill burner, however, this heating of the 
fuel in the aircraft tanks can be effected in a safe and 
simple manner; from Figs. 39 and 40 it will be seen that 
by returning a portion of the spill flow to the tank, or by 
the addition of a heater positioned in a similar manner 
to the oil cooler, there exists an arrangement, which can 
be automatic in operation, whereby the fuel in the fuel 
tanks can be circulated to bring about the required tem- 
perature rise without the addition of any complication 
or extra piping. 
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§ Summary 

The foregoing has been a brief outline of develop- 
ment work that has taken place around the spill burner 
in its application to a gas turbine engine and the follow- 
ing summarises some of the outstanding features. 


(i) Simplicity 

(a) The spill atomiser is easy to manufacture. 

(b) From the mechanical aspect the detail parts are 
essentially robust in design and not easily 
damaged. 

(c) The mechanical reliability is enhanced by the 
fuel circulation and enables the temperature of 
the fuel system components to be kept to a pre- 
determined maximum. 


(ii) Atomisation 

The quality of spray of the spill burner improves 
with reduced flow output. From this aspect the com- 
bustion efficiencies at ground level can be maintained 
at all altitudes, consequently, there is no altitude limita- 
tion to the spill burner due to these atomisation 
characteristics. 
(iii) Pressure Characteristics 

The spill atomiser requires only a medium pressure 
system to effect satisfactory fuel atomisation throughout 
the required flow range, and the characteristics are such 
that the fuel pressure remains relatively high in relation 
to the ground level maximum and does not tend to fall 
off unduly. 


This ensures: 

(a) Even fuel distribution throughout a set of 
burners at extreme altitudes. 

(b) Fineness of control output for maintaining 
selected engine speeds. 

(c) Reduction of burner ring head effects on 
distribution. 


(iv) Control System 
The spill nozzle makes possible a system which is 
substantially insensitive to particles of foreign matter 
present in the fuel because: 
(a) The discharge orifices in the nozzles are 
relatively large. 
(b) No flow distributors or change-over valves are 
required in the supply lines to the nozzles. 
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| FUEL PUMP 


SPILL VALVE SPILL BURNER 


FiGcure 40. Thermostatic fuel temperature control valve. 


Experience has shown that it is impossible to avoid 
dirty fuel in service and it is therefore important that 
a fuel system should not be rendered inoperative by 
foreign matter. 

Although it is possible to design intricate mechanism 
for a complicated duty, the achievement is pointless if 
it is rendered inoperative by the occasional presence of 
small particles of dirt. 


9. Conclusion 

In conclusion, it may be said that the spill burner 
possesses the necessary qualities for meeting the com- 
bustion requirements of the modern gas turbine engine 
and that its associated control system can provide the 
required accuracy of control, with a robust character to 
withstand the rigours of Service treatment. 
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Introduction 

In the design of high-speed aircraft the problem of 
relating structure loads to a prescribed flight envelope 
leads very often to the necessity of airframes being con- 
siderably stronger than past experience would tend to 
suggest, due to the methods used in calculating the 
loading. 

Hitherto, when dealing with subsonic flight, it has 
usually been sufficient to determine structural loads in 
manoeuvre on the basis of a rigid aircraft. That is to 
say, the influence of structural distortion upon the aero- 
dynamic derivatives, which enter the load calculations, 
is neglected. That this assumption becomes untenable 
as the speed is increased is clear when it is realised that, 
for a given fixed loading on the wing, the distortion 
is fixed; whereas the incidence necessary to produce 
the loading is approximately inversely proportional to the 
square of the flight speed. It therefore follows that there 
will come a time when the distortion incidence exceeds 
that which would otherwise be necessary to produce the 
lift. It is not surprising that, for supersonic aircraft, 
considerable difference can occur between the perform- 
ance as assessed on a hypothetically rigid airframe and 
that as deduced from an elastic one. Not only is this 
true, but it would appear that the necessity for great 
strength is largely obviated under certain circumstances 
of design, if the aeroelastic values of the aerodynamic 
derivatives are used rather than the rigid values. 

It will be appreciated that the scope of the aero- 
elastic problem is enormous. Rather than attempting 
to be comprehensive in this field, this paper aims at 
elucidating one aspect of the problem, namely, the 
influence of elasticity upon the aircraft derivatives from 
which tail loads are computed. The flight speeds con- 
sidered here are in the supersonic range for which the 
leading edges of the wings are subsonic; the subsonic 
speed range has been discussed before by Hunn’. The 
approach, in the present instance, is not strictly rigorous 
all the way through, for in the aerodynamic problem, 
discussed in Part II, tip corrections have to be deduced 
on an empirical basis. Furthermore the modification 
to the lift due to the presence of a fuselage has not been 
considered. Since the aerodynamic theory is linear the 
effect of the fuselage can be obtained by superposi- 
tion'’®: *), so that when that part of the problem due to the 
wings alone has been solved, a modification to the results 
may be achieved to account for the presence of a 
fuselage either empirically or on a rigorous mathe- 
matical basis. 
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Notation 
a sweepback parameter of the leading 
edge 
a, aerodynamic centre 
b span of the wing 
c(y) chord at station y 
c, constants used and defined in the 
appendices 
f(x,y.x’,”) general influence function 
I(x, y) non-dimensional lift distribution 
m, pitching moment due to pitch 
(u,v,w) components of perturbation velocity 
W,, constant coefficients of xy’ in series 
expansion of downwash on wing 
(x,y,z) rectangular Cartesian co-ordinates, 
origin at apex of the wing (see Fig. |) 
X,.(y) centre of pressure of loading at station y 
A aspect ratio 
defined by BP=M’*-1 
C, lift coefficient 
F(y,x’,y’) influence function 
complete elliptic integrals of first and 
second kinds with modulus (1-—a’\. 
This modulus is omitted, since it is 
always the same 
L,;(y) loading at station y 
U_ velocity of free stream 
%, constant incidence of the wing 
yrs(y) non-dimensional loading at station y 
distortions at stations ¢ 
¢ non-dimensional co-ordinate giving 


K{(1—a’)'} 
E{(1—a’)t} 


span-wise stations, defined by equa: | 


tion (6) 
7 non-dimensional co-ordinate By /x 
6 defined by cos 6=1/a 
perturbation velocity potential 
A, angle of sweepback and the leading 
edge. 


PART I 


1. The Basic Aeroelastic Integral 
Equation 

In all elastic bodies of finite extension it is 
theoretically possible to determine the displacement of 
any point from the undistorted position when any system 
of self-equilibrating loads is applied. In particular, if 
the case of an aircraft wing possessing a fixed root, since 
the system has extension only in the plane of the wing— 
the x-y plane—of any magnitude, it is possible to 
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deine an influence function f(x, y,.x’,y’) denoting the 
jisplacement at any point (x, y) in the vertical—or 
_direction due to a z-wise force at (x’, y’) relative to 
he root. The wing considered is shown in Fig. 1. In 
practice the aspect ratio of the wings generally con- 
jdered is such that it is more convenient to assume 
chordwise warping to be negligible in relation to the 
mean rigid displacement of chordwise sections. Further- 
more, the vertical translation of such sections is not of 
sich magnitude as to render invalid the linearised theory 
which satisfies the downwash conditions not on the wing 
wrface but in the z=O plane, so that it is sufficient to 
consider only the effective incidence change of chord- 
wise sections due to a series of point loads. To this end 
an influence function F(y,x’,y’) is defined as the 
incidence change of a chordwise section at y due to a 
unit load at (x’,y’); then the distortion incidence distri- 
bution along the wing is given by: 


z(y)=4pU? (1 (x’, F (y, x’, y’) dx’dy’, 


4 
U ex 


| 


where : 


It follows that since it is required that: 
(x, v,0*) 


+ 
then: =U [a(y)+ %]. 


= y) 


where z, is the initial incidence of the undistorted wing. 
Thus the full aeroelastic equation which requires 
solution 


(x, y, 0) =lim E x 
z(x— x’) dx'dy’ ] 
L(x’, x’) dx’dy’ 


023) {(y—y’)? +27} x’? — B? (y— — B?2?} 
This may be written 
2, + $pU* y)F dx’dy’ 


I(x’, y’) z(x— x’) dx’dy’ 


50+ OZ) {(y— y+ 27} {(x— x’)? — B? (y— — B?z?}} 


(1) 


This is the formal statement of the full aeroelastic 
integral equation in supersonic flight. The determination 
of the function /(x, y) is thus the problem in hand. 


2. Approximate Method of Solution 
Let it be supposed that the distortion incidence may 


be represented adequately by z(y)= = w,,y’, where m 
f=1 
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is a finite integer. 
function 


Where <z(v) is known to be an even 


m 


and in the case of an odd function 


w,, sgn (y) y’. 

Let it further be supposed that the non-dimensional 
load distribution for the component parts of these series 
can be determined. For example, given w= —Uy’" at 
z=0*, over the region occupied by the wing, and 
provided /,, (x, y) can be determined from this boundary 
condition, the actual load distribution can be determined 
in the form 


I(x. y)= = Wor Lor (x,y). 


The determination of the lift distributions satisfying 
these conditions is the subject of Part II. 


Suppose now y(y) is defined such that 


Yor (y)= = (x, y) dx= (4) 


and associated with this there is a centre of pressure 
locus given by 


(x, y) dx 


Xor= 


(5) 
(x, y) dx, 


where the integrations all extend from leading to trailing 
edges. If now the y,, and x,, distributions are computed 
for a finite number of sections suitably arranged along 
the wing, a series of influence terms can be associated 
with each type of loading of the form f'”:“/—which is the 
incidence change at station p due to unit load at x,, in 
station g. The stations will be numbered so that the first 
is nearest the wing tip and the last will be on the centre 
line of the aircraft. Also if y,,' is defined as the non- 
dimensional load per unit length at station s due to a 
given downwash distribution w=-—Uw,,|y|’, and 
writing 


the incidence distribution <,,(¢) is a discrete column 
matrix form and is given by 


{ =[f* 7} { 4pU7B?, (7) 


where 45 is the wing semi-span and 4bd(“ denotes the 
wing segment associated with station g. The expiicit 
expression for is 


The symbols { } denote a column matrix and [ ] a square 
matrix. 

Now, in general, there will be a different influence 
matrix associated with each type of loading. It follows 
that if the total loading on the wing is given in the form 


¥ WorYor (0. (9) 


= 
m 
m 
st an 
It 1S 
m 
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_then the associated distortion is given in the form 


m 


{=} ~ WorlEor} 


It has been stated already that the different types of 
load are derived from incidence distributions propor- 
tional to different powers of y. It follows that for 
compatibility between the assumed incidence distribu- 
tion and the distortion incidence the following equation 
must be satisfied 


From (10) this equation gives 


Worly} => Worl 


or Weel Ero} Worl (I 1) 
r=1 


From this matrix equation it follows that it is necessary 
to have m< the number of segments of the wing, for 
otherwise there can be no unique solution for the 
quantities w,,. In practice this restriction is not a serious 
one, for it will be shown later that the formulae for 
Lm (x, y) increase in complexity with m very rapidly, and 
results have not been obtained for m > 3; furthermore, 
in the interests of accuracy, it is desirable to have a 
fairly large number of segments so that 
1 


0 


From past experience it has been found that eight is a 
suitable number of stations for a wing and four for a 
tailplane; the centre line station is included in these 
numbers. This system then leads to seven equations 
(since the centre line station has no elastic influence) in 
three unknowns. To solve such a system it is con- 
venient to use Legendre’s least squares method“. This 
method reduces the seven equations to three, which 
then have a unique solution. The solutions themselves 
do not, of course, make each of the seven equations 
exactly vanish but the residuals are small. 

When the number of stations required is decided it 
becomes necessary to discuss their distribution along the 
wing. Ideally one ought to use instead of y,,°d¢, 
the integral of between the limits (” and 
(+460. In most cases of loading the expression can 
be very complicated. It is a matter of personal taste 
whether one is prepared to evaluate these expressions at 
each station for each loading or whether one evaluates 
Yor(Q, which can conveniently be used in the determina- 
tion of C;, and C,, for example, by the interpolation 
technique of Multhopp”’. 

If the latter procedure is accepted, since it may 
reasonably be supposed that the loading is roughly 
elliptic, there may be serious error in assuming 

1 


(14a) ya ~ 


1—at 
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i.e. that the loading is sensibly constant over a finite 
small segment of the wing near the tip. In order tha 
this inaccuracy may be reduced, the distribution of 
points (”’ at which sections are taken is chosen so that 
6” =cos(pz/m+1); m is odd and on one wing 
O0<p<4(m+1). 

This distribution of stations concentrates them in the 
neighbourhood of the tip where y () has the greatest rate 
of change with ¢. 


3. Determination of the Relevant 
Derivatives 
Since this section is concerned primarily with the 
determination of derivatives associated with the tail 
load calculations, it is as well to enumerate them. They 
are 


0 
(i) a wing lift slope 
(ii) xX wing aerodynamic centre 
(iii) m, pitching moment due to pitch of wings 
alone 
(iv) ous tailplane lift slope. 


It will be noted that all these derivatives depend upon 
symmetrical flow so that the distortion series which will 
always be used is 


m 
2(y)= Wor | y |’. 
r= 


3.1. ESTIMATION OF 0C,/0z 
The y-distributions at the sections indicated in 

Section 2 are evaluated, by the methods of Part II, for 
the cases of downwash 

(a) w=-Uw,,=—U2, 

(b) w=—Uw,,|y| 

(c) w=—Uw,.y’ 


Corresponding to these loadings (5) is the expression for 
the centre of pressure loci and these can be used to 
obtain the associated influence matrices [f,,\""]. To 
each chordwise section of the wing a small segment d(, 
given by (8), is associated so that the load at each station 
is determined in the form 4pU?b?y,,?dG™. 

By post-multiplying these influence matrices by the 
associated column matrices of point loads, the column 
matrices of distortions are obtained. Corresponding to 
the given incidences (a)-(d), similar column matrices are 
obtained so that the compatibility condition between 
assumed and calculated distortions is now 


These equations are solved by the method indicated in 
Section 2, thus determining the “best” values of Wo: 
Wyo, Wy, in terms of w,,; the total y-distribution, yr. 18 


obtained in the form 
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which on substituting in Multhopp’s” integration 
formula gives 


One can obtain 0C,,/0z, from the value of C, given by 
(14) by the simple expedient of neglecting the w,,, (= 2, 
coeflicient of the yy’s. 


32. THE WING AERODYNAMIC CENTRE 


The local centre of pressure position can be obtained 
by the simple formula 


oy (a) 4 1) + 


When this is done at each station an xy and a yz, distri- 
bution are obtained; by a similar integration procedure 
the moment about an arbitrary axis a, is given by 


(m—1)/2 
r=1 


m+ 
IfC,, is equated to zero the value of a. can be obtained. 
This is, by definition, the aerodynamic centre. 


3.3. PITCHING MOMENT DUE TO PITCH 


Here the calculation proceeds on almost identical 
lines to those in Section 3.1, except that in place of (a) 
one has w= — Uw,,,x, where it is implicitly assumed that 
w,=qg/U. The lift distribution for this case is given 
in Part Il. The y,, and x,, distributions are obtained as 
before and an influence matrix is calculated. The wing 
distortions are then obtained and the subsequent com- 
patibility equations solved by the least squares method. 
From this result it is possible, as in Sections 3.1 and 3.2, 
to obtain the resultant y and x distributions and hence 
the total wing load and the centre of pressure of this 
load. These results can be used to give total moment 
about any axis parallel to the y-axis. 


34. THE TAILPLANE DERIVATIVES 


The lift slope and aerodynamic centre of the tail- 
plane can be obtained exactly as in Sections 3.1 and 
3.2 respectively, but since it is necessary to employ the 
same datum (as in the wing case), from which to 
measure distortion, it becomes necessary to include the 
influence of fuselage flexibility aft of the main spar. 
The only effect upon the calculation is a slight modifica- 
tion to the influence matrices. An alternative procedure 
is to construct the influence matrices with respect to a 
fixed root and to superimpose total incidence changes 
due to the complete tailplane load in each mode of 
assumed deformation. However, since the procedures 
really only differ in the interpretations of the numbers 
involved, rather than in the actual numerical procedure, 
itis not proposed to include the treatment here. 
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PART Il 


4. Generalised Conical Fields 


In Refs. (4) and (5), Lance has given the theory of 
generalised conical flows in great detail and the sequel is 
confined to a discussion of the basic principles of conical 
flows; also it is shown how these methods can be 
applied to the aeroelastic problem as outlined in Part I. 

A conical flow of the n'" order is defined as one for 
which the velocity potential ¢ (x, y, z) is a homogeneous 
function of degree n in x, y and z. From this it follows 
that all the n" partial derivatives of with respect to 
x, y and z are simply constants. It is clear from this 
definition that the usual case (of constant incidence)— 
in which the velocity components, that is the first partial 


flow. Similarly, if the downwash w=0¢/0z is a linear 
function of x and y of the form w=U (w,,x+ wy, y) 
then the flow properties can be obtained by means of 
second order conical flow theory. To treat the case in 
which w=U (w,,.x°+W,,XY+W,.y") third order theory 
is required and finally fourth order theory is needed to 
discuss w=U (wW,,x°+ We, + Y’). 

In all the applications which are considered here the 
downwash is given over the wing—assumed in the z=0 
plane—and the quantity u=0@/0x is required. It is 
important to note that if w is given as, say, an homogene- 
ous quadratic in x and y, then uw and wv will necessarily 
also be homogeneous of degree two in x and y. 

It is shown in Ref. (4) that, when the downwash over 
the wing is given, the lift distribution, which is a linear 
function of u, may be determined by solving certain 
integral equations. The constants which arise in the 
solution of these equations may be determined from a 
knowledge of w, over the wing, and from the fact that 
u, v and w, or rather their derivatives, are connected by 
certain “Compatibility conditions.” In addition to the 
constants already mentioned, there is a freedom of 
choice in the solutions of the integral equations; this 
freedom arises from the fact that one may allow either 
a symmetric or an anti-symmetric solution. The 
problem considered here requires the use of the 
symmetric solutions. 

The leading edges of the wing are swept inside the 
Mach cone from the vertex 0; the co-ordinates (x, y) are 
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FiGURE 2. Wing used in example. 


shown in Fig. |. The quantity » is a non-dimensional 
co-ordinate and —By/x, where B°=M?*~ 1, so the 
co-ordinate of the straight leading edge OB is 
»=a=Bcot.\, and OM is given by 7=1; thus in the 
present case, when the leading edge is subsonic, a < 1. 

A list of the symmetric lift distributions, taken from 
Ref. (4), is given in Appendix I. 


5. The Span-wise Load Distribution and the 
Centre of Pressure Locus 


Once these lift distributions are obtained, a simple 
integration with respect to x, over the wing, will give 
the expressions for the span-wise lift distributions. Thus 


and it is important to write all the x’s which occur in the 
formulae /,,(4} in terms of y and » by means of the 
relation »)= By/x. The formulae for the span-wise load 
distributions L,,(y) are listed in Appendix II. 

The locus of the centre of pressure for the distribu- 
tion /,, (y) is given by 


a. ()) x dx)/ (y); 


where the limits of all the above integrals are from 
leading edge to trailing edge. The centre of pressure 
loci formulae are listed in Appendix III. 


5.1. CORRECTION APPLIED TO TIP 


The wing is divided up into sections by lines 
y=constant situated at stations bcos mz/16, m=0,...8. 
The value m=8 is the centre-line and m decreases as we 
travel out-board. 
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The method used to obtain L,, (y) at stations such as 
P,Q, which intersect the wing edges on straight portions 
of the edges is simply to integrate from P, to Q,. Ata 
station such as P,Q,, where the actual leading edge of 
the wing is not on the straight line OB, the procedure 
must be modified. Suppose that P,Q, intersects the 
wing in the points P,’ and Q,’: then to determine L,. 
one integrates from P, to Q, and scales the result by 
multiplying by a factor P,’Q,’/P,Q,. This method will 
give a slightly more realistic result than integrating /,, 
from P,’ to Q,’ since some account is taken of the lead- 
ing edge singularity which occurs, in fact, at the point 
P,’, but which appears at P, in the formulae for /,, (1), 

The value obtained for x,, by integrating from P, to 
Q, must also be modified: this modified value, which is 


denoted by x,,*, is given by 
The fact that the wing ends at the point C means 
that the lift just vanishes at that point and this fact is 
taken into account when making a span-wise integration 
(see equation (14)). Thus the only approximation which 
has not been dealt with is the “cancellation field.” An 
investigation such as that given by Cohen‘':*?, shows that 
the technique employed here gives results showing the 
right trend; however, Cohen only considers first order 
conical fields and until some work has been attempted 
on cancellation fields in higher order conical flows, the 
present procedure is the only one which takes any 
account at all of the tip. 


5.2. TRAILING EDGE CORRECTION 

The method of obtaining L,, and x,, which has just 
been described is only valid when the trailing edge O'E 
is not swept behind the Mach line O’D emanating from 
the trailing edge apex O’. When O’D is in front of O'E 
then the flow in the region O’DE is not described by the 
formulae given in the Appendices. In order to take 
some account of this region the experimental fact, that 
if a chordwise pressure plot is taken then the pressure 
tends to fall linearly to zero from the point S, to Q,, is 
used. Thus to estimate the load L,,’” due to the portion 
§,Q, one calculates the value of /,, at S$, and multiples 
it by 4 (xq, —Xs,). To this quantity must be added L,,’. 
which is the lift due to the region P,S,, and is obtained 
by using the lines OB, O’D as limit lines in the formulae 
of Appendix II. 

As far as the centre of pressure is concerned, in the 
case under consideration the centre of pressure of the 
aft section S,P, will be simply 


Xrs” = 4 (Xap t+ 2X56) (18) 


and the fore-part load will act at the point x,,’ which is 
given by the formulae of Appendix III, the limits being 
determined by the lines OB, OD’. The total lift at the 
station y“ will thus be 


Lyx = Lys’ + Ly” (9) 


and the total load acts at the point 
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It should be noted that if the flow at the trailing edge 
is subsonic, then the effect of the wake will be 
propagated forward and there will be a small inter- 
ference effect, but this is neglected. Cohen':*) gives a 
discussion of this effect but again only considers the first 


order conical theory. 


APPENDIX I 


THE SYMMETRIC LIFT DISTRIBUTIONS OF PURE DELTA 
WINGS DUE TO DOWNWASHES” PROPORTIONAL TO 
POWERS OF y 


(i) Case of constant incidence: 
(1))- BE (a. (21) 
(i) Linear twist: w=—-Uw,,|y| 
_ 8w,,a* (E—a?K)+(K — E) x 
ln “Bre [a°K + (1 — 2a’) — 
(iii) Parabolic twist: w= —Uw,.y? 

23) 


where 
¢,=2w,.a@' [2a*K — (1 + a’) E]/[Sa*K? - 
8a? (1+ a*)KE— (4— 19a’ + E*] 
and (24) 
¢,= —2w,,a* [(3 — a’) K —2 (2 — a*)E]/[Sa*k? — 
(1+a*) KE—(4- 19a’ + 4a") E*] 


(iv) Cubic twist: w= —Uw,,;|y\|° 


Los B (a — Py 


where 
—2a°w,, [a* (7 — 3a’) K? (8-—a@ 
+ (4+ lla@—1la') E*]/<D,, 
(3—4a? + 3a’) K?—4(3—-2@ —2a'+ 
3a°) KE+ (19 — 34a’ + 19a") E*]/=D, 


3a') KE+ 


and 
C,=2a’w,, (3 — 7a’) K? —2(3+a?-8a')KE+ 
E?]/=D, 
in which 
D,=a4 (27 31@ — 8a") KK? (24- 5a’ 
~l6a*) KE— (12 — 119 a? + 151 at — 64a* + 324°) 


(26) 
(v) Steady pitch: w= —Uw,,x 
4w,, (1 —a’) (2a? —1?)x > 
ho (= B + (1 — 2a”) E] (a* — (27) 


In the foregoing expressions: w,, are constants, 
4=Becot \,, 1=By/x, K and E are the complete elliptic 
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‘integrals of the first and second kinds of modulus 
(1—a*)': the modulus is omitted because it is always 
the same. 


APPENDIX II 


THE SPAN-WISE LOAD DISTRIBUTION 


(i) w=—UW,, 
4, 
Luv =4w,, [tan 9) y/E, . . 
where #—cos '()/a), 6,—cos~! 
and 4, = (yr 


(ii) w=—-Uw,,|y| 


4w,,[ a’K)tan sec K + 
(1 + tan | 


+(1—2a°) E} log 


1—tan6/2 
(iii) w=-Uw,y.y’ 
4[3(c, + a’c,) tan 6+ c, tan® 4] 
3a‘ 
(30) 


where c, and c, are given by (24). 
(iv) w=-Uw,,|y|® 
4 
35 E { 2 tan sec* 6+ 3 tan sec + 


(1+tan 6/2) 
(1 —tan 6/2) 
(1 +tan 6/2) 

(1 — tan 6/2) 


+31] + { tan sec 


(1 + tan 


+ 8a'c, log (1 —tan 


+ lo 


6, 


(31) 


where c,, c, and c, are given by (26). 
w=-Uw,,x 


6, 
4w,,B(1—a’*) [tan 6 sec 4] y’ 
bw = K+ (20) 


(32) 


APPENDIX III 
FORMULAE FOR THE CENTRE OF PRESSURE LOCI 


6, 


6, 
2a[tan 6] 
6 


1 


Xoo = 


(33) 


= 
uch as 
Ata 
ge of 
she | 
ne L,, 
it by 
d will 
lead 
point 
P, to 
ich is 
(17) 
neans 
Is = 
‘ation 
vhich 
that 
g the 
order ae 
npted 
any 
just 
‘OE 
(con | 
take 
that « = 
rtion 
iples | 
ulae 
1 the 
ch is 
eing 
(19) 
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=-Uw,,|y| 


6, 

2 By ((E — tan*® 6+ 3 (1 — E tan 6] 

Xoi= =! 
3al (E a’K) tan 6 sec 6+ {a’K + 


Tian 9/2), 


+(1—2a*) E} log 
(34) 


(iii) w=-Uw,.y* 


3 By { 2 tan sec* 6+ 3 tan sec 6 + 


+tan 6/2 } { 
4a°c, ané 64 
tan 6/2 + 4a°c, ) tan sec 


OF THE ROYAL 


toe 


: 
8a[3(c,+a’c,) tan 6+ ¢, tan® 6] 


4, 


(35) 
where c, and c, are given by (24). 


(iv) w=-Uw,,|y|° 
[ 4By° 
| + (tan sec? d+ 2 tan 6)+ I5a'c, tan 6] | 


ISa°L,, (y) 


= 


(36) 
where L,,, (y) is given by (31) and c,, c, and c, are given 
by (26). 

(v) w=-Uw, x 


6, 
By [2 tan* 4+ 3 tan 6] 
6, 
6, 
3.a[tan 6 secé] 
4 


1 
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The various columns were obtained in the following 
way :— 


A complete example will now be worked out. The 
data used are entirely fictitious. 
Fig. 2 and its geometry is taken to be: — 


The first task is to calculate the quantities /,, and 
from these L,,” 
wing to the lift) as described in Section 5.2. The results 
are as shown in Table I. 


(i) 


(ii) 


(iii) 


The quantities L,,’ (the contribution of the fore-part 
of the wing to the lift) x,,’ and the total lift L,, and 
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WORKED EXAMPLE 


The wing is shown jn 


Semi-span ft. 
Aspect ratio 3-9 
Root chord 10 ft. 


Leading edge sweepback 45° 
Trailing edge sweepback 35° 
Mach number 
B* =(M*— 1)=0-44 

a= B cot A, = B=0-66332 
K{(1 —a’)'} = 1-9085 

—a’)!} =1-3145. 


(the contribution of the aft part of the 


From equation (18, after having used the wing 
geometry to determine xg and xs. 


(4), (6), (8) and (10). From equations (21), (22). 
(23), (25) and (27) respectively. 


(5), (7), (9) and (11). From their preceding 
columns by multiplying by 4 (xg — xs). 


(37) resultant x,, are now calculated (Table II). 
TABLE I 
(1) (2) (3) (4) 
in ft. (XQ —Xs) 00 Log [Woe Wo, 
2°9265 0:0924 11-9260 3:1400 0-2901 15:3353 
6 0-3827 5-7405 0°1812 1377779 3°3537 06078 20:0167 
5 0°5556 8-3340 0:2631 15-4847 3°6276 09545 25-7282 
4 0-7071 10-6065 03349 16°9803 3-9306 1-3162 33-0194 
3 0°8315 12-4725 0°3938 18-2084 4-2322 1-6665 38:4978 
2 09239 13-8585 0-4375 19-1205 44952 1:9667 43°7646 
1 0-9808 14-7120 04645 19-6822 4:6772 2°1724 47°5474 
(5) (6) (7) (8) (9) (10) (11) 
1-4168 90°9510 8-4030 270-3965 24:9819 33°3133 4:9256 
36276 150-6664 27:3053 592-9528 107:4608 61:6293 11°1691 
6°7694 235-6207 61:9942 1148-3525 409-6039 69°8240 18-3714 
11-0565 340-7476 114-0993 1940-6624 649-8308 77:°7407 26:0315 
15-1589 454°8325 179-0948 2894:4361 1139-7131 85-0263 33-4800 
19°1474 560°1487 245-0706 3840-5741 1680-2896 91-0860 39-8510 
22-0839 635:5957 295 2088 4549-6777 2113-1433 95-1726 44-2039 


— 
B. A 
455 
| 
= 
2 
= fort 
(20 
and 
— 
2 
4 
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TABLE II 
Dut. The 
shown in (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) 
34:9793 67045 105-2767 75864. 435-5228 83230 :990'8945 88-8903 306199681485 
37-7183 88407 166-0733. 971-3549 3091-2086 10-0269 380-2288 99-9108 
39:0763 111636 «1733-2388 11-3902 7148-1813. 11-6224 441-4658 «11-7182 
39-4563 279-2439 12-9706 25908024 13-1146 129068552 13-2631 487-7789 13-4064 
39-2561 14-4313. 319-6266 :14-5131 3402-4798 14-6099 19385-2253 14-7140 519-8454. 14-8524 
387785 346-7330 4045-2996 15-7489 25214-6485 15-8272 538-7889 «15-9517 
383709 163536 362-0927 16-4019 4453-4581 16-4617 29235-4032. 165275 548-6806 411 
(22 (23) (24) (25) (26) (27) (28) Q9) (30) G1) 
35-2694 6°7475 106:°6935 76440 443-9258 8:3912 1015-8765 89649 311-1252 8:2083 
38-3261 89190 169-7009 9-3516 998-6602 99-7653 3198-6695 10-1529 391-3978 10:0211 
40-0307 11-0544 233-5458 11:2888 1795-2330 11°5315 7593:7852 11:7756 459-8372 11°8687 
F 40:7725 12-9800 290-3004 13-1233 2704-9018 13556°6860 13-4413 513-8104 13-5875 
re 40°9226 14-5852 334:7854 14-6804 3581-5746 14:7898 20524-9384 14-9080 §53°3254 15-0554 
rt of the 40:°7451 15:7869 365°8804 15-8568 4290-3702 15:9414 26894-9381 16:0330 578-6400 16°1700 
le results 40-5433 16°5319 384-1766 16°5905 4748-6669 16°6619 31348-5465 16°7402 592-8845 16°8679 
2* 37:°7585 16:0741 339-0614 16-1389 3975:8861 16°2172 24923-2702 16°3021 536:2199 16°4290 
1* 27:°4073 17:2534 259-7034 17-2930 3210-0988 17°3413 21190-3635 17°3942 400-7662 17-4805 
ollowing The rows 2* and 1* are the scaled values of rows 2 and 1. 
the wing 
The columns (12) to (21) are obtained using the Also the factor to be applied to the L,., in row 2 is 0:9267 
dj formulae (28), (33), (29), (34), (30), (35), (31), (36), (32) and that for row | is 0-6760. 
recedin 
vem’ | and (27), respectively. Using these and the results (1), The effect of elasticity on these loads has now to be 
(3), (5), (7), (9) and (11) one gets from equations (19) and determined. The following influence matrices are hypo- 
ore-part (20) the results (22) to (31). The equation (17) gives thetical although typical of a given wing. The elements 
. = c@ i by (8) are now calculated; the factor 
L,. and =(X,. — 13-8585) x 0:9267 + 14-2870 for 2* dy as given by 
ie 4pU*b* has the value 1:944x 10°, and the values in 
and = x,,* =(x,, — 14-7120) x 0-6760+ 16-0232 for 1*. Table III are obtained: 
TABLE III 
(32) (33) (34) (35) (36) 
0-1914 0-5878 1:7782 7-3988 16-9313 5-1854 
0:1802 0:6388 2°8284 16°6443 53-3122 6°5233 
0:1622 06672 3°8924 29-9206 126°5656 7:°6640 
0:1379 0:6795 4°8383 45-0817 225-9452 8-5635 
0:1084 0°6820 5-5798 59-6929 342-0809 9-2221 
0:0747 0°6293 5°6510 66:°2641 415-3887 8-9370 
0:0477 0°4568 4:3281 53°4985 353-1734 6°6794 
NotE—The y’s are obtained using (4) and the starred rows are used here and henceforth. 


16 


VOL. 58 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY NOVEMBER 19% 
TABLE IV 
— x 108 
p 
7 | © 00217 00800 01249-01688 2194 0:2498 0-1125 0:0993 
6 0 0:0588 7947 10271 1-2375 O-1151 0:4461 
5 0 0-1188 07066 1-4841 23624 28147 23-0121 01082 1:1698 
4 0 O-1188 08251 18400 43287 4-9814 0:0937 1:5936 
3 0 01188 07773 20200 1629 7-8600 0:0739 2-0097 
> | O-1188  0-7966 1:7303 34668 12-5973 00470 22216 
1 0 01188 07966 1:7303 34668 12-6683 00218 2-2365 
2) x 108 
7 0-005 0-041 0-086 0-133 0-178 0-209 0-231 0:3403 07955 
6 0-01 0-14 0:365 0-615 0:84 1-02 1-27 0:5097 3-7255 
5 0-01 0:22 0:78 1:53 2:30 2-92 3-33 0:6313 9-6038 
4 0-01 0:22 0-91 1-98 3-35 4:32 4-65 0:6672 13-2604 
3 0-01 0:22 0-88 2-23 421 6:10 7-47 0:6049 17-1518 
2 0-01 0:22 0:89 1-94 3-87 7-43 10°85 04221 18-8363 
1 0-01 0-22 0:89 1-94 3-87 7-43 10:85 0:2065 18-8363 
7 0:0342 00574. 02518 1-4161 85174 
6 0:0677 «08253 1-0323 1-2325 2-9993 34-4588 
5 0:0677 09335 16685  2°4392 «28265 3-0008 4:8531 103-8446 
4 0:0677. 10889 21142 43605 4-9612 62168 146-0129 
3 0:0677. 03291 10685 23146 41408 6:1953 83083 6:4707 193-0777 
2 0:0677. 03291 1-0685 19646 12-6076 4-9499 219-1136 
1 0:0677. 03291 1-0685 19646  3:7707 12-7384 25519 219-7673 
‘ 7 6 5 4 3 1 
7 00557 00747, 17850-2166 02623 3-2407 49-2605 
6 01110 02907 0:6567 1-0475 1:2692 9-6069 230-8427 
5 0:1387 10525. —-2-2971 24965 3-1182 20-5289 645-3991 
4 0:1387  0-4709 1:2423 51766 31-1578 875-6578 
3 0:1387  -0-4709 1:2423 63592 86800 37-0816 1185-1542 
2 0:1387 1:2423. 31796 39654 13-0686 31-0295 1444-5995 
1 0:1387 12423-31796 «79415 13-1926 168464 1448-7810 
x 108 
p 
7 6 5 4 3 2 
7 0:0208 «18160-2196 0:2518 0:9925 15758 
6 00309 08675 1:0723 1-2452 1:1755 72038 
5 0:0384 1-0509 18107. 25399-28871 3-0138 12431 181955 
4 0:0384 03631 1:2420 23189 45146 5-0037 1-1809 24-9958 
3 0:0384 «03631 11913 25765. «4:4093. «65302 84013 0:9997 31-9450 
2 0:0384 1:1913 22265. 3674 12-6781 06676 35-6353 
1 0:0384 03631 1:1913. 12-7550 0-3186 35-6911 


Eq 
equati 
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Equation (11) now leads to the following seven 
equations : 


37220w,,+ 17:0818w,.+ 74:3242w,,= 
—0:0993 w,, 
9-4660w,, + 72°4121w,,.+ 420-0113 w,,= 
—0:-4461 w,,, 
17-9378 Wii 173-3002 Woe 1224-2417 Wo3 = 
—1:1698w,, 
238669 w,, + 258-5107 w,. + 2068 = 
— 1-5936w,,, 
29-6243 w,,, + 348-6410 w,. + 3125-4169 w,, = 
—2-0097 w,,, 
32-6948 w,,, + 411-1716 w,, + 4106-2356 w,, = 
—2:2216w,, 
33:5483 w,,, + 436°2102 w,. + 4633-0896 w,, = 
2:2365w,,, 


(38) 


The “conditional equations” obtained from these are 


40-6688 w,,, + 484-3303 w,, + 4578-6321 w,, = 
—2-7081180w,, 


48-4330 w,, + 583-2880 w,, + 5577-6857 w,, = 
— 3-2383952 w,, 


45-7863 w,, + 557°7686 w,,. + 5405-5830 w,, = 
— 3:0689279 w,,, 


The solutions of these equations are w,, —0-019055 w,,,, 
—0-012165w,, and w,,=0-:000526w,,. The 
resultant y; and the resultant centre of pressure locus can 
now be determined. The values of the y,,’s at the centre- 
line, station 8, are also required and may be obtained 
simply from the formulae of Appendix I. C, and a, may 
now be calculated, using the formulae (14) and (16); the 
calculation is again arranged in the form of a table. The 
elastic values are obtained using the resultant y; and Xy 
and the rigid values using the y,, and X,,. 


Elastic: 


Resultant Resultant (8—n)x 

Y=Yq/Woo X=X_—4, 16 
8 0-4907 50 —a, (0°5) 
7 0°5406 65666 —a,, 0-9808 
6 0°5183 8-7001 —a. 0:9239 
5 0:4440 10°8106 —a, 0°8315 
4 0°3421 12-7017 —a, 0:7071 
3 0:2421 14-2532 —a, 0°5556 
2 0-1494 15-6821 —a, 0°3827 
1 0:0742 16°8791 —a, 0:1951 

Hence 


aC,,/ 02, A /8) x 2:0717 = 3-173 


also a.=9-1695 ft. 


(ii) Rigid: 


(8—n)r 
w cos 

Yoo oo oo € 16 
8 0:5072 50 —a, (0:5) 
7 0:5878 6°7475 —a, 0:9808 
6 06388 8:9190—a, 0:9239 
5 0:6672 11-0544 —a, 0°8315 
4 0:6795 12-9800 —a, 0-7071 
3 0-6820 14-5852 —a. 0°5556 
0°6293 16-0741 —a, 0-3827 
1 0°4568 17:2534—a, 0-1951 

Hence 


OC, / 02, A /8) x 3-1644=4-846 


also a.= 10-6581 ft. 


A comparison of these two sets of results shows that 
elasticity has the effect of reducing 0C;,/@z,; also the 
aerodynamic centre of the aircraft moves forward when 
elasticity is considered. This trend has been found to 
hold in all the cases studied by the method described in 
this paper. 


Steady Pitching Case 


To determine the lift-curve slope, and so on, due to 
steady pitch one needs only to replace the right hand 
sides of the equations (38) by the column matrix ¢,,. A 
new set of conditional equations is determined and 
solved if one writes w,,—q/U: then the values of w,,, 
and w,, so obtained are w,,=0°263967q/U. 
—0°182176g/U and w,,—0-007522q/U. 

With these values a resultant y; and a resultant x, 
distribution are obtained, only this time y,, and x,, are 
used in place of the y,, and x,, used previously. Finally, 
the two sets of results for the elastic and the rigid cases 
are obtained : 


(iii) Elastic: 


Resultant Resultant (8—n)x 
n 
Xp — 16 
8 3:4728 (0:5) 
7 4-4343 8:1147—a,; 0:9808 
6 4:6387 10-0919 —a,; 0-9239 
5 4:1927 12:1438—a,, 0°8315 
4 33274 14:0993—a,, 0-7071 
3 2°3935 15-8729 —a,, 0°5556 
2 1:4815 17:5951—a,, 0°3827 
1 0-7323 18-7275 —a,, 0-1951 


Hence 
OC, pi / 0 (g/U)=(= A /8) x 18-2500 = 27-950 


dy = 10-7668 ft. 


also 


R 1954 

= 
; 
— 
= 
- 
= 


(iv) Rigid: 
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(8—n)r 
16 
8 3-7428 (0°5) 
5-1854 82083 —a,; 0-9808 
6 G:5233 10-0211 —a,, 0:9239 
5 76640 11-8687 —a,, 0-8315 
4 8-5635 13-5875 —a,, 0:7071 
3 9:2221 15-0554 —a,, 0°5556 
2 8-9370 16°4290 —a,, 0°3827 
6:6794 17-4805 —a,, 0:1951 
Thus 
/8) x 35-2590 = 54-000 
also ay: = 12-0684 ft. 


Throughout the foregoing example the figures have, 
in general, been rounded off to four decimal places, but 
in the original calculation six decimal places were 
retained. 
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The Optimum Design of Compression 


Surfaces having Unflanged Integral Stiffeners 


E. J. CATCHPOLE, M.S. in A.E., B.Sc.(Eng), M.I.A.S., Grad.R.Ae.S. 
(Vickers-A rmstrones Ltd., Weybridge) 


Summary: A method is developed enabling rapid determination of the optimum cross- 

sectional dimensions of compression surfaces having unflanged integral stiffeners, and 

consideration is given to the effects of practical limitations on the design. The theoretical 

efficiency of the optimum integral design is found to be only 85 per cent. of that of 
optimum Z-stringer design. 


N VIEW OF the current interest'':*) in employing 

machined surfaces with unflanged integral stiffeners 

(as shown in Fig. 1) for major aircraft components, it is 

highly desirable to have a rapid method of achieving 

optimum (i.e. minimum weight) design of these surfaces. 
Such a method is presented in this note. 


|. Statement of Problem 

The basic problem considered is that of designing an 
integral panel of minimum weight to carry a given com- 
pressive load intensity (load per unit panel width) over 
a given bay length, using a given material. 

This is then related to the complete surface design, 
and account is taken of the limitations imposed by 
practical machining requirements and by minimum skin 
thickness and/or maximum slab thickness requirements. 


Notation 
b skin width between stiffener centre lines 
(see Fig. 1) 
d_ stiffener depth, from skin centre line to tip 
(see Fig. 1) 


E, tangent modulus 
f panel stress 
f, section initial buckling stress 
f, initial buckling stress of a long plate of width b 
and thickness t, simply-supported along its 
edges = 3:62 Ey (t/b)? 


f. Euler instability stress 

Farrar’s efficiency factor=f{L/(PE;)}'! 

K radius of gyration of skin-stiffener combination 
about it own neutral axis 

L_ effective pin-ended bay length 

M_ b{E,/(PL*)}! 

P load intensity (load per unit panel width) 

Q d{E,/(PL*)}! 

rp d/b 

ry 

ry A/b 

R 


t{E,/(PL)}} 

t skin thickness 

t, stiffener thickness 

half-wavelength of buckles 


2. Method of Analysis 


(a) GENERAL 
The general approach is that of Farrar“. 


Received September 1954. 


(b) ASSUMPTIONS 


(i) The panels are assumed to be sufficiently wide to 
allow their treatment as simple columns—i.e. no 
restraint is imposed on the longitudinal edges of the 
panels. 

(ii) Each panel is assumed in the analysis to be pin- 
ended over its bay length L; but account may be taken 
of end fixity by regarding L as the effective pin-ended 
length rather than as the actual bay length. 

(iii) The depth of the stiffeners is assumed to be 
small compared with the overall (e.g. wing) structural 
depth, and hence movements of the panel neutral axis 
have a negligible effect on the value of the load 
intensity P. 

(iv) The ratios ¢,/d and t/b are assumed sufficiently 
small to allow application of thin-plate buckling theory. 

(v) The ribs or frames are assumed to impose no 
restraint on the local buckling. 

(vi) The effective modulus throughout the panel in 
the plastic range is assumed to be the tangent modulus. 

(vii) The best designs are assumed to be those for 
which the initial buckling and Euler instability stresses 
coincide. 


(c) SOLUTION 

The initial buckling stresses of a variety of skin- 
stiffener combinations have been calculated by the 
method of Refs. 4 and 8, with the aid of additional 
stiffness values taken from Ref. 5. The method takes 
full account of the interaction between plate and stiffener 
buckling, but any effects of the stiffener root fillet have 
been neglected. The results are presented in Fig. 2 as 


FiGuRE |. Type of panel considered. 


b 
4 
: 
L 
- 
t 
765 
> 
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ratios of section buckling stress to simply-supported skin 
buckling stress, f,/f,. (Also shown on this figure are the 
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buckle wavelengths, and for large value of ry, the sharp 
change from a short wavelength to a long wavelength 
mode is notable (cf. Ref. 6).) 

Hence for any section, we have 


local buckling stress p=(4) é ) (1) 
K? 


0) 
where K is the radius of gyration of the skin-stiffener 
combination about its neutral axis, given by 

and relating the stress in the panel to the load intensity, 


P 


also Euler instability stress f,= =*E, 


3 
r B 


1 
> 


I= rare) 
We now impose the condition 
fo=fe=f. 
If we take (1) x (2) x (3)*, we obtain 
L? f, b? 
_ PEr\ 
Hence {=F (a) 
Tp? 
where F=1-314 Lots G+ rrs)] (+) (5) 


=Farrar’s efficiency factor. 
It is noted that for a given material, load intensity 
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ra (=) and effective bay length, the achieved stress is a maxi- 
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FIGURE 3(a). 


Design chart for surfaces having unflanged integral stiffeners (with limitations on stiffener thickness and pitch). 
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SURFACES WITH UNFLAN 

Contours of F are plotted on Fig. 3(a), where it is 
ven that a maximum value of F = 0-81 is achieved in the 
region of and d/b=0°65. 

“For a given material, for which the relationship 
hetween f and Ey is known, equation (4) may be used to 
lot curves of f against the structural index P/L for 
various values of F, and this has been done in Fig. 4 for 
1 55°85 material of the type depicted in Ref. 7. (Actually 
(P/L)! has been used as abscissa, to improve the scale 
and to make the elastic portion of the curve linear.) Also 
shown on Fig. 4 is a curve for F=0-95, which is the 
largest theoretical value achievable with Z-stringer 
panels (see Ref. 3). 


}. Determination of Actual Dimensions 


of Optimum Panel 
From equations (3) and (4), 


For the optimum design, ry=2:25, rg—0°65 and 
F=0°81. 


PL\} 

Therefore t=0°501 (= (6a) 

From equations (1), (4), (5) and (6), 

4-193 PL*)* _ ( PL’)! 
[rore® Ey, ) =M ( Ey ) 
For the optimum design, 

6= 1-33 E. (7a) 

dand t, may then be calculated from 
d= rgb (8) 


and (9) 
i.e. for the optimum design, 
d=0:65b (8a) 
= (9a) 


4. Effect of Limitations on Stiffener 
Thickness and Pitch 
Along the length of any one integral surface 
(extending over a number of bays) it may be considered 
necessary, for ease of machining, to keep f, and b 
constant, even though P and perhaps L will vary. To 
facilitate design in these circumstances, contours of 


(prs) Jana J 

have been plotted on Fig. 3(a), and the use of these 
contours is now described. 

Suppose we design the surface so that the optimum 
efficiency is achieved at some reference section, where 
subscript “R” applies 
i.e. r—0°81, = 2°25, rgr—0-65. 

The following steps are then taken: — 

(1) From the curves of f against P/L for the material 
(as in Fig. 4) find fg corresponding to Py/ Ly and 
Fy, (=0°81). 

From the curve of Ey against f for the material, 
find Ey, corresponding to fr. 

Determine fe, bp, dp and from equations (6a) 
to (9a). 

At another section on the surface, let subscript 
“1” apply. 

Assume a value for E>, (e.g. as a first approxima- 
tion make Ey, = Epp). 


(4) 
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Ficure 3(b). Design chart for surfaces having unflanged integral stiffeners (with limitations on skin thickness and stiffener depth). 
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(5) Since b,=by and t,,=tsr, M, and N, may be 
calculated. 

(6) Determine F, from Fig. 3(a). 

(7) Determine f, from Fig. 4. 

(8) Find Ey, corresponding to f,. 

(9) Repeat steps (4) to (8) until the values of Ey, in 
steps (4) and (8) coincide. (Repetition will be 
unnecessary in the elastic range.) 

(10) Read off r;, and rg, from Fig. 3(a). Hence find 


d,=rp,b, 
te 

ry) 


The required section is thus completely deter- 
mined, and a similar calculation may be applied 
to other sections of the surface. 

A variety of surface designs and surface weights 
may be obtained by placing the optimum section at 
various positions, but experience should enable a rapid 
choice of the correct position to achieve overall mini- 
mum weight. 


5. Effect of Limitations on Skin Thickness 
and Stiffener Depth 
Additional limitations may be imposed by (a) skin 
thickness requirements and (b) maximum slab thickness. 
Fig. 3(b), which includes contours of 


has been prepared to facilitate optimum design of 
surfaces subject to such limitations. 


6. Practical Strength of Panels 

The foregoing analysis is based on theoretical work 
only, since few test results for such panels are available, 
particularly in the optimum range. However, experience 
with optimum design of non-integral panels suggests that 
values of about 95 per cent. of the theoretical values will 
be achieved in practice. Until such time as more test 
results become available, it is therefore suggested that a 
factor of 1-05 be applied to the load intensity P before 
using the design charts. 


7. Conclusions 

Charts have been prepared for the optimum design 
of compression surfaces having unflanged integral 
stiffeners. A method has been given whereby account 
can be taken of the limitations imposed by practical 
machining requirements; and the effects of skin thickness 
requirements and/or maximum slab thickness have been 
considered. 

The theory gives the maximum value of Farrar’s 


efficiency factor 


achievable with this type of construction as 0-81, the 

proportions for the cross section then being in the region 
Stiffener depth Stiffener thickness 
Stiffener spacing Skin thickness 
This value for F compares with 0-95 for Z-stringer 

panels, and the implication is that if the working stresses 


=0°65, = 2-25. 


NAL OF THE ROYAL AERONAUTICAL SOCIETY 


= 


NOVEMBER 1954 


60,000 


50,000}; 


40,000 


30,000 


EGRAL PANEL) 
F=0-95(0PTIMUM Z-STRINGER PANEL) 


10,000) 


fe) 
[e) § 10 15 20 30 35 4 


Figure 4. Graphs of panel failing stress against structural 
index for 55.85 material. 


are in the elastic range, the optimum integral panel to 
carry a given load intensity P over a given bay length L 
will be 17 per cent. heavier than the optimum Z-stringer 
panel. (In the plastic range, the weight difference is 
smaller.) This weight increase will of course be subject 
to considerable changes (and may even become a 
decrease) in practical applications of the two types of 
panel. For example, the same surface weight for the 
two types may be achieved by making the bay length for 
the integral panels 73 per cent. of that for the Z-stringer 
panels. As a further example, it may be noted that a 
small stiffener pitch, which seems to be required for all 
optimum panels, may be more easily achieved in 
practice on the integral panel. 


ACKNOWLEDGMENTS 


The author wishes to thank Vickers-Armstrongs Ltd. 
for permission to publish this note. He is also much 
indebted to the Technical Staff of The Royal Aero- 
nautical Society for their assistance and advice, and for 
the use of their draft Data Sheets. 


REFERENCES 


1. Keen, E. D. (1953). Integral Construction—Its Application 
to Aircraft Design and its Effect on Produciion Methods. 
Journal of the Royal Aeronautical Society, April 1953. 


Lecc, K. L, C. (1954). Integral Construction—A Survey 
and an Experiment. Journal of the Royal Aeronautical 
Society, July 1954. 

3. Farrar, D. J. (1949). The Design of Compression Struc- 
tures for Minimum Weight. Journal of the Royal Aero- 
nautical Society, November 1949, 

4. Royal Aeronautical Society's Structures Data Sheets 
02.01.28 to 37. Buckling Stress of Sheet-Stringer Com- 
binations in Compression. (To be issued, with others, by 
the end of this year—EbITOoR.) 

5. VAN DER NEuT, A. (1952), The Local Instability of Com- 
pression Members, Built up from Flat Plates. Technische 
Hogeschool Vliegtuigbouwkunde, Report VTH-47, 1952. 

6. Royal Aeronautical Society's Structures Data Sheet 
02.01.25. 

7. Royal Aeronautical Society's Structures Data Sheets 
00.02.01. to 03. 

8. Cox, H. L. (1954). Computation of Initial Buckling Stress 

for Sheet-Stiffener Combinations. Journal of the Royal 

Aeronautical Society, September 1954, 


N 


| 
| 
+ 
: L7 F=0-70 
th 
GH Any 
It 
papel 
or sh 
and f 
ignor 
Indu: 
Serve 
° 
I 
( 
( 
( 
d 
larg 
sign 
per 
plac 
tanc 
Brit 
Wot 
ave 
pra 
Tes 
the 
ee! 


ess 
yal 


Where Goes the Aircraft Industry’ 


SIR WALTER PUCKEY 


(President, Institution of Production Engineers) 


N VIEW OF recent adverse publicity I must begin 
[is paper by stating that anything I say must not 
be taken to imply any criticism of the Aircraft Industry. 
Any conclusions I draw, probably from insufficient 
evidence, must be regarded as purely intentional! 

It has been difficult to decide how to prepare this 
paper. Should I confine myself to technological matters 
or should I range wide over the Industry’s past, present 
and future problems, and run the risk of displaying my 
ignorance? I decided to range wide. 

First of all, what are my impressions of the Aircraft 
Industry after only three years as a temporary Civil 
Servant? They may be summarised under 8 headings. 

I see an Industry— 

(1) Whose increasing rate of impact on world affairs 
has been greater than any other during this 
century. 

(2) That has had and will continue to have a greater 
rate of technological change than any other 
during this period. 

(3) That uses a greater percentage of the nation’s 
scientific man-power than any other. 

(4) That has a larger ratio of research and develop- 
ment costs to production costs than any other. 

(5) That spends more public money than any other, 
including the nationalised industries. 

(6) That has fewer major customers than the great 
majority. 

(7) That has maintained, so far, strong individual 
characteristics among its leading practitioners. 

(8) That has built up a strong financial position in 
spite of adverse factors such as considerable 
variations in turnover, the high percentage of 
research costs to turnover, and the cost plus 
system. 

All this has happened in the past 50 years and a very 
large part of it in the past 20. Let us look at a few 
significant items that have been encompassed within this 
period. 

In 1903 the first power flight of an aeroplane took 
placee—one passenger travelled an epoch-making dis- 
tance of 120 ft.—much less than the wing span of the 
Britannia. 

In 1953, 28,000 million miles were flown by the 
world’s fleet, carrying 52 million passengers, with an 
average of 23 passengers per flight. 

In 1912 an experimental bomb was dropped in 
aang by a Short aircraft with, I am told, pleasing 
results, 


*A lecture given before the Bristol Branch of the Society and 
the Western Branch of the Institution of Production Engin- 
ers on 24th March 1954. 


In 1914 members of the Royal Flying Corps started 
to fire pistols at their opponents, and to throw small 
bombs overboard. 

During the 1939-45 War 75,000 tons of bombs were 
dropped on Britain from enemy aircraft, causing 150,000 
casualties. 

In 1944 alone the Royal Air Force dropped nearly 
700,000 tons of bombs on Europe. 

At Hiroshima on 6th August 1945, one atomic bomb 
from one aircraft killed or injured 150,000 people. 

To complete our brief picture, President Eisenhower 
said recently that “a single air group, afloat or land- 
based, can deliver a destructive cargo exceeding in power 
all the bombs that dropped on Britain in World War II.” 

No other invention or industry has made such an 
impact on the world. Whether this impact has been good 
or bad depends on the point of view, but at least it can- 
not be ignored and it may well be that air power, today 
the world’s greatest destructive agent, may, as has often 
previously been the case, prove to be one of the world’s 
most constructive benefits. 

Has this tremendous increasing rate of impact upon 
world affairs made the building of aircraft into a great 
industry in the traditional sense of the word? First of all, 
what characterises a great industry? May I suggest the 
following :— 


(1) It has established itself in the minds of the public 
over at least two generations—say SO years. 

(2) Its products are regarded as essential to the 
pattern of life, i.e. it performs a service. 

(3) It has been respected by world competitors over 
a reasonable period. 

(4) It maintains a constant attempt to improve its 
products. 

(5) It gives continuous and stable employment to its 
workers. 


How does the Aircraft Industry match up to these 
requirements? Without analysing each in detail perhaps 
we could agree that in all but the last it must surely be 
regarded as a great industry. Two wars in the past 50 
years have been the hothouses in which the Aircraft 
Industry has been forced to manhood, and its great 
surges of employment and output have been realised in 
war. Like other war industries it has shown violent 
fluctuations in peace. 

We are therefore, I think, led immediately to the 
statement of one important principle, which is that the 
Aircraft Industry cannot lay claim to greatness until a 
considerably greater proportion of its output is devoted 
to peaceful ends. Is this possible, or will the Industry 


for many years ahead be forced to regard itself primarily 
as a war industry, with all the implications and 
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fluctuations that brings in its train? I hope to put 
forward the views of at least one person out of many, 
on the trends and possibilities that exist. 


1. Some Basic Statistics 


Let us look at some statistics which, at least, enable 
us to place a few dots on the graphs which we hope 
later to guide into future space. I have already men- 
tioned output and man-power, so we had better start 
with these two. 

Figure 2 shows, as far as I am able to gather infor- 
mation, the Industry’s output over recent years. Inci- 
dentally, we hear of the great importance of military 
orders and, to someone with my experience, another 
significant situation. I have always thought that, in 
order to build a strong export market, one should super- 
impose it on a strong home market. For several reasons, 
the British Aircraft Industry has not yet been able 
(military output excepted) to realise this objective, and 
in my view this remains a great weakness which will 
stand in the way of building exports to a much greater 
extent. We will see later that further possibilities exist. 

Present export trends are, I think, remarkably good, 
and last year’s total of £65 million is higher than the 
year’s exports of the British ship-building industry, 
which has existed for quite some years! Don’t let us 
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become too complacent, however, as in 1952. for jn. 
stance, British ships earned this country £221 million of 
foreign currency, and carried a large proportion of 
world goods. 

Figure 3 shows man-power, in this case over a longer 
period as I want to show the great impact of war. These 
figures are not strictly comparable as new classifications 
were introduced in 1948, and the war figures were more 
comprehensive, including as they did the majority of 
supporting industries. I stress here that the recent 
figures are of direct employment only, and do not show 
the increasing number of people employed by sub. 
contractors, more of which later. 

I have also plotted total R.A.F. man-power on this 
chart, and an interesting point is that recently the lines 
have crossed as compared with earlier years. We know 
too, from the recent Air Debate, that recruitment for the 
R.A.F. is difficult, and its required strength should be 
higher. Without doubt one result of the growth of air 
power and the trend of aircraft design is to increase 
considerably what we might call R.A.F. “ underheads,” 
where more and more men are required on the ground 
to keep fewer aircraft effectively in the air. 

Tomorrow we shall witness even greater difficulties 
in the Services when the fuller tide of modern aircraft 
flows to them and requires to be effectively served. One 
of the great contributions the Aircraft Industry can 
make is to help even more in keeping its own products 
serviceable. 

So much for the two basic graphs, output and man- 
power. 

I would like now to examine the present and future 
of the Industry by breaking the task down into a number 
of headings, and I suggest that the following list might 
cover most of the problems we need to solve in order 
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answer my title—“‘Where goes the Aircraft 
Industry?” I am afraid that [I am likely to ask more 
questions than I can solve. Here is the list: — 


(1) The Military Future. 

(2) The Civil Future. 

(3) The Industry’s Competitive Power. 
(4) The Industry’s Managerial Problems. 


2. The Military Future 

The day after Hiroshima witnessed the burning of 
many books on military strategy, and the opening of a 
new volume, in which only Chapter 1 has yet been 
written. Every great new discovery has probably sent 
out ripples well beyond its original impact, and has had 
exaggerated claims made on its behalf. Surely, how- 
ever, the discoveries of the past few years are much 
more epoch making than any others in history. The 
atomic bomb, jet propulsion, radar, guided missiles— 
each jostling the others for a greater place in the sky, 
each in its childhood of development, each profoundly 
affecting military strategy and likely to do so for many 
years ahead. 

Politicians find themselves more impotent than ever 
before in face of this scientific avalanche, and however 
many men of goodwill there are in many countries, 
yes, even beyond the Iron Curtain, they must bow 
to the inevitable and in common parlance, “keep up 
with the Jones’s” in sponsoring more and more 
research into these potential instruments of death or 
salvation. For this simple reason alone I forecast that 
we, and the world, must continue to bear a high burden 
of defence cost in the years ahead, and when we realise 
that this year every worker in Britain pays 30s. per 
week towards our national safety it is indeed a burden 
which science has thrust upon us. We must plan, as 
Lord Alexander said recently, for “the long haul.” 


EXPENDITURE 

Let us show the burden in another way. Fig. 4 
shows the proportion of total taxation Britain and 
U.S.A. spend on defence. Perhaps, seeing the American 


\ MOTE-OWING TO RE-GROUPING 
FICURES ARE NOT | | | 
—+——+- STRICTLY COMPARABLE 
| | | 
[ \ | 
pd if ] 
a AIRCRAFT INDUSTRY | 
ya +o 
fi 
RAF 
WAR | 
vyeaas 
Figure 3. Direct employment in the Aircraft Industry and 


R.A.F. 


100 


U.S.A 


a 


50 
VA 
40 7 
N GREAT BRITAIN 
| 
20 
4 
1950 1951 1952 1953 1954 
FiGurE 4. Percentage of taxation spent on Defence. 


figure we should be very thankful they are taking so 
much of the burden. 

Is this military spending likely to level out? I do 
not know. All I do know is that deliveries of Britain’s 
great hopes, our super fighters and V bombers, have 
hardly started, and we have barely begun to experience 
the difficulties of supplying and servicing an ultra- 
modern Air Force with all its attendant problems of 
control, on land and on sea. For this reason I fail to 
see any diminution of financial load for some time to 
come. 

There is another reason, too, for a continuation of 
high expenditure on Air Defence. The two words “Air 
Power” mean today more than they have ever meant. 
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Winston Churchill said in Boston in 1949: 
“For good or ill, air mastery is today the supreme 
expression of military power, and fleets and armies, 
however necessary, must accept a subordinate rank.” 
In recent years the atom bomb has been war’s 
greatest warning, and it is still only by Air Power that 
we can drop the atom bomb where it hurts most. In 
passing I must say that some people give the impression 
that a future war can be fought and won by aircraft 
alone. One somehow feels that supporting troops and 
ships may still be of some value, and highly as I rate 
Air Power and much as I personally have tried to help 
give it teeth, I feel that the arguments used are some- 
times not fully worthy of the advocates. Debates on the 
worthwhileness of aircraft carriers, the control of sea 
lanes and the receding role of the Army and Navy often 
border on internecine rather than international con- 
siderations. The statistics in Fig. 5 show that fairly 
stable divisions of total defence costs are being allocated 
to the three Services, and the Ministry of Supply. al- 
though there is a slight trend towards relatively greater 
financial support for the R.A.F. We must remember, 
too, that ever greater importance is attached by the 
Navy to its own important brand of Air Power. 


SPECIALISATION—OR A BALANCED FORCE 

One problem of great concern to Britain is whether 
our contribution to Allied Air Power should be com- 
plete or whether we should specialise on, for instance, 
‘fighters and guided weapons, leaving, say, the U.S.A. 
‘to provide offense in the form of bombers. Let us 
frankly admit that despite the great achievements of our 
U.S. partners, despite the presence in this country of 
great American air strength, we have the right to be 
sceptical about complete reliance on a 4,000 mile pipe- 
line for all means of offense. There is too, something 
wrong with the spirit of a nation which relies in war on 
defence only. It will be a great day when, for instance, 
N.A.T.O. can call into use an adequate balanced fight- 
ing force from all its specialising constituent countries, 
but that day is far distant, and in the meantime we must 
keep our local powder dry. 

Then, too, our own Industry must surely be broadly 
based if it is to achieve its national destiny. Air Power 
in its broadest sense means not only fighters and 
bombers. It means transport of men and materials, and 
it requires no genius to forecast that mobility will be 
more than ever essential if our armies, navies and air 
forces are to be world-effective. This mobility through 
air travel will not only apply to men at war—we were 
told only recently by the Secretary of State for War that 
more frequent air journeys home are part of the Army’s 
present welfare and recruitment plans. 

No, surely we cannot afford to restrict our national 
production to “certain types”—not yet, anyhow. 
Whether, on the contrary, we can afford to make a very 
little of everything, which is all that present costs and 
budgets allow, is another matter. 

The rate of complexity increases rapidly, and two 
recent statements emphasise how difficult it is to call 
a halt or slow down this rate of climb. Sir Tom Sopwith 
recently accused us, including no doubt his own 
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Company, of timidity, and said we should be spending 
more money on high speed, high altitude work, particu- 
larly on fighters. Lord Tedder told us a few weeks ago 
that we should be spending more money on a truly 
supersonic bomber. And so the base broadens, but does 
the pace quicken? 


GUIDED WEAPONS 

Ever greater attention is being paid, and more and 
more money allocated to, Guided Weapons and the 
Aircraft Industry is, rightly, taking a major share of 
this work. In fact, to hear and read all the statements 
one might assume that more money was being spent on 
Guided Weapons than on conventional aircraft. This is 
not quite true. However, this growing activity helps to 
broaden the base of the Industry. There seems little 
possibility in the next few years of much reduction of 
expenditure on conventional military aircraft—rather, 
we must bear the burden of a double load, where we 
must continue to develop those aircraft which have, after 
all, hardly begun to flow into service, and at the same 
time carry out ever expanding research into weapons 
which, in many cases, will make those same aircraft 
more effective. 

Summing up the overall military load, I think we 
might forecast a slight rise in expenditure for some years 
to come. The rise in complexity of programme will. 
however, be considerably greater, and we must avoid 
the danger of seeking flexibility and achieving com- 
plexity. 


3. The Civil Future 


Air travel is for people in a hurry, and a great many 
people are in a hurry today. Conditions have helped 
greatly in recent years, where trade missionaries have 
spanned the world, where official meetings are 
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everywhere at all times, where more paid and longer 
holidays just enable foreign travel to be achieved for 
the masses. 


STATISTICS 

The statistics of civil airline expansion are im- 
pressive indeed. Let us look at the figures. Figure 6 
shows the passenger miles flown and passengers carried 
for about the past 25 years. As usual, they exclude 
USS.R. and China—where no doubt a little flying is 
done! You will see that passenger miles increased 
almost 10 times from just before pre-war to early post 
war, a staggering growth. Notice, too, that the U.K. 
share was and is about 5 per cent. 

Trans-Atlantic travel is another interesting pointer, 
where in 1953 more than one-third of the total pas- 
sengers were airborne, and even more important, the 
actual numbers carried had doubled in six years. 

But civil aircraft carry other things too. Let us com- 
plete the loading list by showing other things they carry. 
Figure 7 repeats the passenger miles and adds freight 
and mail ton-miles. Summarising, in the past six years 
passenger miles have nearly trebled, freight ton-miles 
have trebied and mail ton-miles have doubled. British 
freight traffic incidentally accounts for about 5 per cent. 
of the international total. 

Can we see a continuation of this remarkable world 
growth? Even more important, can we see British air- 
craft carrying their percentage of the increasing traffic, 
infact a considerably greater percentage? Shall we see 
what proportion of the present world fleet of civil air- 
craft is British-built? In June 1953, in terms of all-up 
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Ficure 8. An order book for gas turbine airliners. 


88 per cent. of all aircraft were built in U.S.A. 
8 per cent. of all aircraft were built in U.K. 
4 per cent. of all aircraft were built elsewhere 

(Again excluding U.S.S.R. and China). 

Something of a pattern seems to emerge, although 
whether it is statistically significant is too early to say. 
British civil operators carry about 5 per cent. of the total 
passengers, they account for about 5 per cent. of the total 
passenger-miles, they carry about 5 per cent. of the total 
freight and British-built aircraft represent about 8 per 
cent. of the world’s fleet. We want to increase these 
percentages, and we also want the total work mileage, 
in other words carrying business, to increase. Let us 
guess at the mileage increase by 1960. Extending trend 
lines we reach a figure of say, 50,000 million passenger 
miles, or roughly 75 per cent. higher than at present. 
Assume that freight and mail miles go up in proportton, 
as although there are great freight possibilities, 
remember the increasing competition from ships and 
other forms of transport. 


NUMBERS OF AIRCRAFT 

Would it be reasonable to expect the size of the 
world aircraft fleet to rise proportionately? The average 
number of passengers per flight will increase slightly in 
that time, but it is very doubtful if numbers of aircraft 
would increase directly as the mileage. For instance, 
USS. airline revenue miles doubled in recent years, with 
only a one-third increase in the number of aeroplanes. 

Now the world’s civil fleet is of the order of 4,000 
aircraft, although this is a very mixed bag, and we might 
assume a considerably smaller number of the more 
important machines. Suppose we take 3,000 mainline 
aircraft as a reasonable figure for the world’s civil fleet, 
and incidentally the figure has been taken by the 
S.B.A.C. as a basis for estimating replacement business. 
If now, not as replacement but to provide for the addit- 
ional mileage, another 25 per cent. is added a figure of 
4,000 aircraft is reached by 1960, that is, 3,000 existing 
and 1,000 new aeroplanes. 
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But what about the speed of replacement? Ten 
years has been taken as a reasonable life and so, in the 
next decade we must replace them all, or by 1960, say 
1,700. We thus get a total of 1,700 plus 1,000=2,700 
civil aeroplanes as world production between 1954 and 
1960. If the British percentage remains at, say 8-10 per 
cent. our share would be say, 250, or 5O per year. This 
seems easily possible, even allowing for spares. 


PRODUCTION 

How, in fact, is our civil production going? I do 
not know the precise figures, but if we take the three 
headline aircrafi—Britannia, Comet and Viscount, we 
know that in the last-named case alone they plan to in- 
crease production to 100 per year before 1960. Some 
of you know of Britannia possibilities, and the Comet 
programme is reasonably well publicised. The latest 
order book situation for gas turbine airliners is shown 
in Fig. 8. 

About 50 have been delivered, and the annual pro- 
duction rate is possibly exceeding 50 per year already. 
So right away we see that we can easily maintain our 
present share, but it is not so easy to see how it can be 
increased. 

What are the output possibilities of the U-.K.? 
Weighing up its capacity to produce, if not to sell, I see 
no reason why, superimposed on existing military loads, 
there should not be an output of at least 150 per year, 
in, say, four years’ time. Obviously, rate of output 
growth is important, but at this continued rate, by 1960 
we could produce over 1,000 aeroplanes out of the 2,700 
tentatively given as a world target. 

I am aware of the impact of spares on this pro- 
gramme and have made reasonable allowances. I was 
delighted, for several reasons, to see that it was possible, 
a year or so ago, to reduce the military load to a certain 
extent, and so enable greater concentration to take place 
on civil production. How much British Industry can 
capitalise on this massive possibility depends as much 
as anything on our competitive position. Let us examine 
this briefly. 


4. The Industry’s Competitive Power 


Making modern aircraft is a difficult business, and 
the cards are stacked against those who want to enter 


the market. This has not, however, deterred various 
os 19 20 25 
MILITARY AEC civil. 
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THOUSANDS OF MILLIONS OF DOLLARS 


FiGurE 9. Federal Research and Development expenditures. 


nations, and an impressive rate of growth has taken 
place in countries such as Canada and Australia, where 
the acceptance of the concept of Air Power has been 
taken to include Production. When you realise that 
Canada has recently helped to re-equip the R.A.F. with 
modern fighters, it is really fantastic. These countries 
are on the move, and there is nothing we can do to 
stop them having some control over their own Air 
Power production. Germany and Japan must surely 
take to the air again soon, and looming large behind all 
this is the vast industrial empire of the U.S.A. Today 
the U.S.A. employs about 330,000 production workers 
in her aircraft industry, about three times our size. But 
numbers of people are not everything—what about the 
supporting cast, her outlook on Air Power, her financial 
budgets, her research effort, her large existing world and 
internal markets? 


MILITARY EXPENDITURE 

In a previous figure it was seen that today the U.S.A. 
is spending almost 59 cents out of every tax dollar on 
Defence—a terrific percentage. Many of us, from 
personal contacts, know that Air Power is relatively as 
important to her as to us, and all her public statements 
and statistics back this up. Out of her total Defence 
expenditure of about 50 thousand million dollars for 
1953, it is estimated that nearly 40 per cent. is for the 
Air Force; remember too, the Naval and Army contri- 
butions to it. This percentage, incidentally, coincided 
approximately with the percentage represented by the 
combined R.A.F. and Ministry of Supply estimated cost 
in the same year. Canada’s percentage is about 42 per 
cent. 

I have not referred to the cost of Atomic Energy 
research here as some of this work in both countries 1s 
outside the sphere of Air Power. An aircraft is, how- 
ever, still the principal carrying agent, and the latest 
American budget (converted to sterling) of about £865 
millions compares with the first recently published 
figure of Britain’s Atomic Research cost, which is about 
£54 millions. 


Research and Development 

And now, what about Research and Development in 
the U.S. aircraft industry. Fig. 9 shows the percentage 
of Federal expenditure on total Research and Develop- 
ment from which it is seen that about 80 per cent. is 
spent on military projects. More detail is shown in 
Figs. 10 and 11 where aircraft lead, both in government 
sponsorship and in total cost. What about Research 
and Development workers? Fig. 12 shows that aircraft 
employ almost the greatest number of people, and 
equally important, this rate of increase of employment 
has risen much more steeply. Fig. 13 shows the trend. 
Unfortunately comparable figures are not available here. 
but we do know that the British Aircraft Industry 
employs a greater percentage of Research and Develop- 
ment people to total than any other industry, and we 
pride ourselves on their outstanding achievements. In 
this field numbers are not everything. 


Productive Power 


Turning briefly to productive power, we know that 
the aircraft industries of several countries, particularly 
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figure 10. Aircraft and electrical machinery industries lead in 
Government-financed research—chemicals and motor vehicles 
in privately-financed research. 


Canada and the U.S.A., are very well equipped with pro- 
ductive plant, and probably have a lead on us, despite 
our great increase in strength recently. Canada, for 
instance, produced in 1952 the equivalent of £80 million 
of aircraft and equipment with about 30,000 workers. 
We know, too, that in terms of structural weight the 
Americans seem to be producing a much higher amount 
per person employed than we are. Perhaps our bucket 
has not yet begun to flow over to the same extent—or 
perhaps weight is not everything—or is it! 


MARKETS 

On the question of markets there is an overwhelming 
American advantage. “The devil you know is better 
than the devil you don’t know,” and the present domina- 
tion of U.S. aircraft in the world’s civil fleets, together 
with their fine service record, makes our sales problem 
very difficult, made more so because the vast U.S. hinter- 
land provides a home market of great importance to 
them and difficult of entry to us. We have entered 
US.A. in one way, by the importation of ideas in 
exchange for royalties or fees. My view is that we have 
sold these ideas too cheaply, and even more important, 
we have in practically every case allowed the British 
hame to be submerged. The names Canberra, Sapphire 
and many oiher proud products of Britain have dropped 
into the Atlantic, to our detriment. After all, many 
American products have in the course of time come 
here, and have retained their name—Ford, Gillette, 
Hoover and Burroughs are some among many. Why 
cannot we insist that if people want to buy an idea they 
buy the British name too? 

I could dwell much longer on the world competitive 
Position, but let me summarise :— 

On military types we must continue to rely to a great 
extent on U.S. volume strength. Our principal task for 
the next few years is to capitalise on our own Research 
and Development, and to modernise the R.A.F. and 
the Navy by greater production of modern aeroplanes. 
“Hope deferred maketh the Services sick.” We hear 
constantly that more research effort is still needed, but is 
it Wise to spread our Research efforts over a much wider 
sky than at present? The “stretching” of all the 
Research and Development programmes and designs at 
Present in hand, including Guided Weapons, is a terrific 
task, and one does form the impression that if the great 
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FiGureE 11. Cost of Research as per cent. of Sales was highest 
in industries with large Defence contracts. 


(and rightly so) interest taken by many leaders of the 
Industry in getting a research project started could be 
maintained at the same white heat until final production 
and delivery take place, it would be better. 


CIVIL AVIATION 

On the civil side much the same situation is seen. 
Our lead is supposed to be great in Research and 
Development and the need surely is to complete the 
programmes and make the research efforts worth while 
by volume production and sales. An impressive start, 
shadowed in two cases by misfortune, has been made, 
but the output is very small in relation to world 
possibilities. 

One interesting problem is that of finance for a long- 
term augmented civil Research and Development and 
Production programme. The broader the Aircraft 
Industry’s productive base, by increasing its civil output, 
the bigger the problem of financing this programme. 
One can foresee a certain parting of the ways between 
military and civil technological development, and al- 
though there are civil or transport versions of the 
Valiant, Vulcan and Victor, and now, in Canada, mili- 
tary versions of the Britannia, problems of government 
support must surely arise in more acute form. 

Here I want to say how much I admire the enter- 
prise of at least one company which is fighting to extend 
Britain’s civil production. We all hope that the particu- 
larly cloudy weather will clear into bright sunshine, and 
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Ficure 12. Electrical machinery. aircraft, and chemical 
industries employ largest numbers of research personnel. 
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Ficure 13. Employment of research engineers and scientists 
increased most in defense industries during 1951. 


that the Comets will really justify the skill and courage 
put into this leader of a new age. 


Mobility 

We discussed earlier the mobility of the forces, and 
an increasing number of transport aeroplanes must be 
required to provide this mobility. I doubt if we can 
afford to have this fleet bought and controlled exclus- 
ively by the Services, as well as their essential military 
equipment; as with merchant shipping we must surely 
rely greatly on our regular civil fleet to provide addi- 
tional capacity for exceptional trooping or air lifts in 
so-called peace, and as a basis at least for rapid 
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expansion in war. This argument underlines the import. 
ance of a strong British civil fleet whether publicly or 
privately owned. It means too that the government may 
have to devote considerably more money and support to 
civil aircraft in Research and Development and Produc. 
tion within the Industry, as well as by such devices as 
the recent loan to B.O.A.C. All this represents a 
fascinating possibility on which one could dwell for 
some time. It seems to me that with the present state 
of technological development, increased government 
support on every front is inevitable. Whether the fullest 
implications of this are too, is a matter of opinion. 


Production 

Earlier | showed the output values of the Industry 
up to the present, and in Fig. 14 I have extended these 
lines to 1960. I do not propose to deal with each curve 
separately, as I have already given broadly the reason- 
ing that has led to my conclusions. It will be seen that 
the Industry reaches an estimated total of £300 million 
turnover a year by that time, and some of you may well 
say that I am too optimistic on the military curve and 
too pessimistic on the home and export curves. Dealing 
with these two in particular I have attempted to give 
Britain the benefit of the doubt, and the calculations 
used in reaching this turnover estimate that by 1960 
Britain will be producing about 30 per cent. of the 
annual world total of mainline aircraft, or something up 
to about 130 per year, plus a realistic additional turn- 
over for spares and a certain additional sum for 
miscellaneous output. 

We saw earlier that Britain was, in fact, holding 
somewhere between 5 and 10 per cent. of the world’s 
air business, both in carrying activity and in aircraft 
origin of manufacture. It is important, therefore. to 
note that my figures, while optimistic to some, assume 
that Britain has to increase from a figure of less than 
10 per cent. of world production in this category to 
something of the order of 25 to 30 per cent., and all this 
within the next six years. Do you think this is beyond 
the bounds of the Industry’s management? I hope 
indeed that you will think I am too pessimistic, but let 
us get together in 1960 and check results. 

I mentioned earlier, too, the problem of employment. 
and said that the Industry cannot really call itself great 
until more consistency is present. The next 6-10 years 
may well witness this possibility as conditions seem to 
favour its fulfilment. If the turnover shown in Fig. 14 
is fulfilled, the Industry may well show a net increase 
of about 50,000 people. 

Before I leave this section dealing with the Industry's 
competitive position, may I say that I do not think our 
lead is as great as is sometimes assumed or hoped. Our 
technological progress, particularly in power units, has 
been great, but surely this is but a part of total progress, 
and the problems to solve before we can capitalise on 
the present are many. I will discuss the most important 
in the next and last Section, on Management. 


5. The Industry’s Managerial Problems 


I have always said that “there are no bad privates, 
only bad Generals,” although I probably said it more 
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yhemently when I was a private! Managers are the 
key to every problem, and the Aircraft Industry can be 
no better than those who control it. I said earlier that 
probably because of youth it has a greater number of 
individualists than most, and this has no doubt played 
an important part in its growth, structure and its present 
relationship with government. It is natural, with its 
rapid technological progress that many Managers 
should appear to be more concerned with Research than 
Production, except in war periods, and the recent 
Defence programme found us relatively less prepared 
for productive expansion than was desirable. The most 
important problem confronting the Managers today, 
therefore, is the problem of Production. 

It may be generalising too much to say that no manu- 
facturing firm should make a living by Research alone; 
this activity should be an essential first step to ultimate 
volume production, and is not an end in itself. Unfor- 
tunately, present taxation does not encourage larger 
tunover and trading profits, and in any case the 
Industry can say with complete justification that all 
Research and Development work sponsored by govern- 
ment is under strict control, and if little volume produc- 
tion is required, as you have sometimes experienced, it is 
essential to continue researching against an emergency. 
Ido not dispute these statements, but I do say that, 
whatever the past, the Industry’s future can only be 
realised by greater continuous volume production. 

For this reason, a wider view must be taken and the 
whole organisation planned to build a more imposing 
production superstructure on the present sound 
Research foundations. 

Within this structure must be found better means of 
deciding what is to be produced, how much, when, and 
atwhat cost. ‘* What is to be produced ” involves every 
department, including government. Research pro- 
grammes are so expensive that more care must be taken 
before they are launched in deciding that they have a 
reasonable chance of production possibility. Right away, 
then, we find the need for more continuous industrial 
(0-operation with government than seems to exist. This 
CO-operation must be on a wider front than Research, 
and in my view will not be solved by the recent declara- 
tion that a batch of prototypes will now be ordered. 
Now what about our other problems of “how much,” 
“when,” and “at what cost.” First of all—* How 
much?” The very speed of technical advance means 
instability of specification and production, yet the Pro- 
duction and Sales Managers have a vital interest in both. 
I foresee the need for more and more co-operation 
between government, designers and producers, so that 
the most economic and speediest means are devised to 
Produce an ever-widening range of more difficult 
materials, parts and end products. Some of these 
problems were discussed by Mr. Woodley at the Institu- 
tion of Production Engineers Conference on Aircraft 
Production at Southampton in December 1953. 


SUB-CONTRACTING 

Then we have the problem of “when.” This word 
has been used ad nauseam in recent years, and too often 
the reply has been an echo. In recent years, and to a 
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Figure 15. Air and Navy estimates, instrument and electrical, 
as percentage of aircraft cost. 


great extent today, delivery is of ever greater importance 
than cost, and the R.A.F. and the Navy, for instance, 
have waited a long time for modern equipment. The 
growing volume of civil business will not lessen the 
demand for more precise deliveries, and yet all the 
trends are against achieving this. Complexity has 
meant, among other things, an ever greater reliance on 
sub-contractors and specialists in new forms of equip- 
ment such as electronics. I estimate that sub-contracting 
accounts for between 30 and 40 per cent. of total man 
hours, and Fig. 15, while incomplete, shows relative cost 
trends in specialist equipment for military aircraft. 

Generally, the greater the reliance on outside firms 
the greater the difficulties of production control, and of 
all the people who let you down the one less likely to do 
so is yourself. U.S.A. aircraft firms, because of the ever 
greater reliance upon electronic equipment, are moving 
towards integration of activities, but there must 
obviously be a limit to direct control of supporting 
industries as today, the Aircraft Industry looks for its 
requirements to every other industry. Some delivery 
promises of equipment and aircraft are fantastically 
wide, but one has every sympathy with those who have 
to make them. Perhaps we should emulate the Russians 
who always seem to achieve 100 per cent. Someone 
asked one of their Managers why. He said that “in 
1953 they knew the output for 1951, and set this as a 
target for 1954.” I only wish, however, to stress that 
the more complex the products the bigger the difficulties 
of “when ”—the more export figures in total turnover 
the more necessary it will be to guarantee “ when.” 


COST 

Finally, “ At what cost?” Now cost is compounded 
of many things, and although aircraft producers seem 
to have kept their heads above water, airline operators 
have flown through rough financial air. Modern aero- 
planes are costing a very great deal of money, and there 
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are few signs of a reduction, although it is interesting 
to note the growing attention paid to less expensive. 
more simple military types. I am not competent to 
discuss strategy, but one gets impressed by the argu- 
ments that in the case of, say, defensive aircraft by land 
or sea, it is better to have the less good where you want 
it rather than the perfect elsewhere. I am sure we shall 
hear much more of this trend, although how it will 
influence transport aeroplanes I cannot say. 

If we consider present production trends we appear 
to have two discernible lines of thought—one veering 
towards what one might call conventional construction, 
and the other relying upon more complex structures and 
components. Those who sponsor the latter are those, I 
presume, who sponsor the provision of large forging 
and extrusion units, of which we have heard so much, 
and combined in the American “Big Squeeze” pro- 
gramme, not to be confused with Palais de Dance attrac- 
tions! This subject reminds me of a definition of “The 
Classics *—* books that everybody talks about but no- 
body reads.” We talk of designing and producing 
integral parts of great size and accuracy, and glibly toss 
off millions of pounds sterling for the plant. Yet. some 
ultra-modern aeroplanes appear to be capable of pro- 
duction using far less expensive and _ strategically 
difficult equipment. Perhaps someone in the Industry 
would really enlighten us on this matter. 

Certainly the Industry is generally well equipped 
today, and it is probable that over 50 per cent. of all 
major machine tools imported in the past two to three 
years have been installed in the Aircraft Industry. But 
so fast is technical progress that large scale expendi- 
tures seem constantly necessary to keep up. Titanium 
development is a case in point, where we are preparing 
for a capacity of 1,500 tons a year compared with 
35,000 tons in the U.S.A. In the field of materials 
generally a fascinating review was given recently 
by Mr. F. Nixon of Rolls-Royce*. Another comparison 
of interest is that in 1952 the expenditure on new plant 
and equipment in Britain was £64 per person employed 
compared with the equivalent of £264 in U.S.A. 

All this money spent must be paid for by somebody, 
and my experience tells me that there is one sure way 
of recovering high overheads, and that is by high pro- 
duction and sales turnover. It is the positive way, and 
it happens to be exactly the way the Industry can go if 
we bear all trends in mind. I will not develop the 
problems of British Sales and Service possibilities, but 
the Sales Manager will say that his ability to get a 
signature on the dotted line depends creatly on what is 
produced; how much, when and at what cost—in other 
words on the contribution of his managerial colleagues. 


Conclusion 

May I, as an outsider, make one last comment on the 
contribution of the Aircraft Industry to Britain’s indus- 
trial strength. Perhaps we do not always realise how 
much public and private money is spent on Aircraft 
Research and Development compared with British 
industry as a whole. Excluding aircraft, Industrial 
Research expenditure, mostly paid for by Industry, is 


*Journal Institution of Production Engineers, February 1954. 
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hard to assess, but my estimate is that it is of the order 
of £50 millions per year. Government expenditure on 
Research, again excluding aircraft and atomic energy, 
is probably less than £10 millions, and covers largely 
bodies such as the Directorate of Scientific and Industria] 
Research (D.S.ILR.) and N.R.D.C. You will have seen 
recently the annual report of the D.S.LR., covering 
scores of research institutions and many subjects, rang. 
ing from management education to dry rot (they are 
different subjects). This wide field is covered by what 
I think is the small expenditure of about £6 millions, 
Adding all together we get a Research cost of about £60 
millions, covering many industries employing, say, 13 
million people. 

Government Research and Development costs this 
year are about £150 millions, and they include, of 
course, Research work on many things other than air- 
craft. Let us take a rough guess, however, and assume 
that, say, £60 millions are devoted to the products of the 
Aircraft Industry, and that a majority of this money is 
likely to be spent in industry itself. So we find that £60 
millions provides Research for 13 million people in 
general industry, and £60 millions provides Research 
for about one-third of a million people in the Aircraft 
Industry. Every person in the Aircraft Industry, there- 
fore, has about 40 times the Research effort behind him 
that his counterpart has in other industries. 

When we realise the tremendous government 
expenditure on aircraft Research and Development and 
compare it with the total research into all other activi- 
ties, we must be struck by at least two things. One, it 
would be surprising and disturbing if our aircraft 
designs were not as advanced as they are when so much 
money is devoted to them. Secondly, this great expendi- 
ture of public money emphasises the importance of 
sharing its benefits over as wide a field as possible, and 
although I have always found members of the Aircraft 
Industry very willing, subject to security, to spread 
knowledge, I do suggest that so many new developments 
are taking place in the Industry, both in the product and 
production spheres, that the rest of industry might be 
even keener than they are in applying these develop- 
ments to an ever wider field of application. 

I have quoted many figures, and given some fore- 
casts. Against the figures I must place a large E. & OLE. 
as many of them are “ guestimates.” I have been struck 
by the inaccuracy of many previous forecasts, and 
perhaps mine will be too. You will, I know, forgive 
an outsider for talking about your Industry—I men- 
tioned earlier that many of its practitioners have strong 
individual characteristics, itself characteristic of a first 
generation pioneer age. As is usual, these human 
characteristics often create strong feelings of disagree- 
ment. There can be no disagreement, however, on one 
thing—this tremendous growth has been accomplished 
by great men, and I am reminded of the poem :— 

“ Lives of great men all remind us 
We can make our lives sublime; 
Then departing leave behind us 
Footprints in the sands of time.” 

I am confident that you, the second and third generé 
tions, will follow those footsteps to an ever greater 
future. 
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The Canadian Aeronautical Institute 


The following address was given to the Canadian Acronautical Institute by 
Air Vice-Marshal A. Ferrier, C.B., M.C., F.R.Ae.S., M.E.1.C., Hon. Fellow C.A.1., 
Assistant Secretary General and Director Air Navigation Bureau, International Civil 
Aviation Organisation, at its First Annual General Meeting on 25th May 1954. 


OUR INTERIM COUNCIL did me a great honour 

when it chose me to address you on this day of 
the First Annual General Meeting of the Canadian 
Aeronautical Institute. I am grateful to them for the 
privilege and I am confident that this birthday marks 
the beginning of a long, useful and honourable life of a 
society which will prove in every way worthy of its pro- 
genitors. Our society is not, in the strictest sense, the 
descendant of any one body, nor is it the product of a 
marriage. It is, on the contrary, itself a multi-marriage 
to which the members of older societies have by 
common consent become individual parties. 

It is probable that today the majority of members is 
drawn from the ranks of the older bodies, but there will 
come a day when the situation will be reversed and the 
majority will have joined this Institute as their first 
affiliation to any professional body. Having this in 
mind, and assuming that you will pay me the compli- 
ment of making this address a part of the records of the 
Institute, it is perhaps not inappropriate on this birth- 
day to record briefly for the benefit of members to come 
afew of the highlights in the history of the progenitor 
societies which are the Royal Aeronautical Society, the 
Institute of the Aeronautical Sciences, the Institute of 
Aircraft Technicians and the Ottawa Aeronautical 
Society. 

The Royal Aeronautical Society is the oldest living 
aeronautical society in the English-speaking world. It 
was founded as the Aeronautical Society of Great 
Britain on 12th January 1866 by a small group of 
practical devotees and men of vision. Thirty-seven 
years were to elapse before the first controlled power 
flight in an aeroplane at Kitty Hawk in December 1903, 
an event which some of the original founders did not 
live to enjoy. Aeronautics offered no gainful employ- 
ment in their day and for nearly forty years the Society 
was one of amateurs—I use the word in its most com- 
plimentary sense—who banded together for mutual 
support of research and experiment conducted in their 
spare time and at their own expense. The enthusiam, 
spirit and faith in ultimate success of these early 
pioneers will always be an inspiration to us who follow, 
and a reminder that what seems visionary and imprac- 
tical to us today is no more so than the flight of a 
heavier-than-air machine to that generation. 

In selecting the following incidents I have purposely 
concentrated on events in the realm of the discovery of 
knowledge, the advancing of ideas and the interchange 
of both, locally and internationally. I have omitted 
feats of execution because they were mostly accom- 
plished under other auspices and because they were 


exhaustively recorded in the Press in 1953—the fiftieth 
anniversary of Kitty Hawk. 

In 1867 during a discussion on experiments with 
screws for helicopters, Wenham considered it to be a 
waste of time and commented: “A screw is in all 
respects perfect as a propeller for aerial machines; but 
its effectiveness for this purpose depends upon the con- 
dition that the screw must work through the air at a 
speed nearly equalling that due to its pitch or the angles 
at which the blades are set . . . .” Note the early interest 
in the problem of vertical lift by dynamic means and 
note particularly the simple clarity of Wenham’s words. 
Jargon had not then gained its baleful influence over 
the exchange of knowledge. 

In 1869 the first public mention was made of the 
possible use of aluminium in aircraft; not till 1886 was 
the economic commercial production of this metal 
launched. 

In 1870 the Society supported the first wind tunnel 
experiments in the world. 

In 1880 the lighter-than-air controversy had 
evidently reared its ugly head. Brearey, the Honorary 
Secretary, read a paper “ In Condemnation of Gas as an 
aid to Aerial Machines,” in which he stated that “the 
flying machine, if ever one worthy of the name be con- 
structed, will be some apparatus of two dimensions.” 

In 1881 Douglas Scoffern said that it was definitely 
known that as the speed approached that of sound in 
air, resistance increased very rapidly. 

In 1882 papers were contributed from New York, 
U.S.A., and Sydney, Australia. 

In 1884 Thomas Griffiths proposed in a paper to 
“use gas on a jet system” for propulsion in air. 

In 1891 Glaisher, the Treasurer, read a communica- 
tion from Langley in America, drawing attention to the 
value of high speeds for making the most economical 
use of a given power. 

1893 papers read by members of the Society before 
the International Conference on Aerial Navigation at 
Chicago—an early example of international co- 
operation in the exchange of aeronautical knowledge— 
appropriately followed by the choice of Chicago as the 
site of the International Conference on Civil Aviation 
forty-one years later. 

In 1896 the beginning of the Library, now one of the 
best Aeronautical libraries in the world: 

In 1897 first appearance of the “Aeronautical 
Journal,” as a quarterly publication. 

In 1900 Wenham contributed an important paper to 
THE JOURNAL on the “Forms of Surfaces Impelled 
Through Air and their Effects on Sustained Weight.” 
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In 1901 Wilbur Wright contributed his first paper 
to THE JOURNAL entitled “ Angle of Incidence.” 

These are the forerunners of myriads of reports of 
systematic experiments on aerofoils. 

In 1904 Professor Bryan’s first paper to the Society 
on “ Longitudinal Stability.” 

In 1908 The Society’s Gold Medal presented for the 
first time. The recipients, Wilbur and Orville Wright. 

In 1909 the Council issued a warning to the public 
against investing money in aeronautical companies 
without first making thorough enquiries into such 
concerns. 

In 1914 the first aero-engine review published in 
THE JOURNAL. Gold Medal of the Society awarded to 
Professor Bryan “for work on the mathematical theory 
of stability in aviation.” 

In 1918 the flow of contributions increased mightily 
and THE JOURNAL issued monthly. 

In 1919 Glossary of Aeronautical Terms published 
by the Society. 

In 1928 delegates of the Society attended the Inter- 
national Civil Aeronautics Conference at Washington. 

In 1930 the Secretary visited America and advised 


on the formation of an American Aeronautical Society, 


now the Institute of the Aeronautical Sciences. 

In 1931 papers entitled “Jet Propulsion for Aircraft” 
by Ely Richardson published in the January Journal. 
Comment by Flying Officer F. Whittle published in 
March. 

In 1944 Gold Medal of Society awarded to Air 
Commodore F. Whittle for his work on jet propulsion. 

The study of a list such as that which I have just 
recited drives home the fact that ideas precede execution 
by a very long time and it is a privilege extended only 
to few to tread upon absolutely new ground. 

The Institute of the Aeronautical Sciences of the 
United States of America is by far the largest organisa- 
tion of its kind. It was founded in 1932, when aviation 
in all its branches had already reached formidable pro- 
portions, and in the 22 years of its existence the member- 
ship has grown steadily from some 600 at the beginning 
to 10,000 regular members and 3,000 students at the 
present time. In addition, some 150 companies are-cor- 
porate members of the Institute. The membership is 
organised in 23 sections and nearly 70 student branches 
throughout North America, of which two sections are 
in Canada, Montreal and Toronto. The meetings of 
the Institute of the Aeronautical Sciences are national. 
international, regional and local in scope. There are 
two national meetings each year and the international 
meetings are held jointly with the Royal Aeronautical 
Society. These joint meetings are outstanding events in 
the field of international exchange and discussion at the 
professional level and were inaugurated in 1947 in 
London. So far there have been four of these meetings, 
three in England and one in the U.S.A. and the next 
one is scheduled for June 1955 in California. 

The Institute of the Aeronautical Sciences principal 
publications are “The Journal of the Aeronautical 
Sciences” and “The Aeronautical Engineering Review” 
both issued monthly while “*The Aeronautical Engineer- 
ing Index” and “The Aeronautical Engineering Catalog” 
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are published annually. It maintains three technical 
libraries in New York, Los Angeles and San Diego and 
the aeronautical archives in New York contain a large 
collection of historical prints, models and other forms 
of aeronautics. 

The Institute of Aircraft Technicians is a purely 
Canadian body. It was conceived in 1942 in the mind 
of Wing Commander Atwood of the Aeronautical 
Inspection Directorate of the R.C.A.F. Aircraft pro- 
duction in the Montreal area, and for that, matter all 
over Canada, was rapidly expanding and in the process 
was suffering growing pains. He saw the need for 
exchange of information and the promotion of uni- 
formity of thought and practice throughout the industry 
in the area in which his work lay. The idea resulted in 
a founders’ meeting in December 1942 and the registra- 
tion in the Province of Quebec of a formally constituted 
body in mid-1943. Since birth, the Institute has con- 
ducted a regular programme of monthly meetings for ten 
months in the year and the membership steadily 
increased from 51 originals to more than 200. By 1949 
the interest outside the Montreal area proved so great 
as to necessitate a Federal charter to permit expansion to 
other provinces and this was granted in 1950. There is 
one point about the methods of operation of the Institute 
of Aircraft Technicians which is worthy of mention. 
Realising the difficulty of getting people together in 
large cities in the face of traffic conditions and numerous 
counter-attractions, they recognised the compelling 
power of food and drink and combined their technical 
meetings with a supper. I think this is a very sound 
psychological approach because it not only attracts a 
larger attendance but it also tends to act as a leveller 
and promotes greater freedom of expression, particularly 
from the junior members. 

The story of the Ottawa Aeronautical Society is 
somewhat analagous to that of the beginnings of this 
Institute. It is just a story of people, members of other 
organisations, who desired to get together in pursuit of 
a common aim. The only organisation of Canadian 
Aeronautical Engineers which existed before the Second 
World War was the Aeronautical Section of the 
Engineering Institute of Canada which was formed in 
Ottawa in 1931. By agreement between the Engineering 
Institute of Canada and the Royal Aeronautical Society, 
the papers read before this section were reprinted by 
the Engineering Institute from time to time as aero- 
nautical reprints and sent to the Royal Aeronautical 
Society for circulation to its members. In return the 
Royal Aeronautical Society sent copies of its monthly 
journal for circulation among the members of the Aero- 
nautical Section of the Engineering Institute of Canada. 
During the Second World War the Section became 
inactive but the Group was re-activated in 1948 and a 
proposal was made to form a society sponsored by the 
Engineering Institute of Canada, the Royal Aeronautical 
Society and the Institute of Aeronautical Sciences, with 
financial support from all three. The Royal Aero- 
nautical Society did not adopt this proposal but the 
Engineering Institute of Canada and the Institute of 
Aeronautical Sciences agreed to it informally, although 
no written constitution or agreement appears to have 
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existed. The Group has been known as the Ottawa 
Aeronautical Society and is regarded by the Engineer- 
ing Institute of Canada as the Aeronautical Section of 
the Ottawa Branch and by the Institute of Aeronautical 
Sciences as their Ottawa Section and they both provide 
financial support. The Ottawa Aeronautical Society 
has been continuously active and it will remain so under 
the name of the Ottawa Branch of the Canadian Aero- 
nautical Institute. In pre-war days this group applied 
asomewhat similar psychology to that employed by the 
Institute of Aeronautical Technicians, only in this case 
it became an unwritten law that the Chairman would 
recess the meeting in time for those who were so 
disposed to reconvene in a cosy tavern. I can well 
remember many pleasant evenings spent in this way 
during which the level of technical discussion, believe 
itor not, maintained a very high and illuminating level. 

Forgive me if there appears to be a lack of balance 
between the time I have devoted to the Royal Aero- 
nautical Society and the very cursory story of our other 
progenitors, but I think you will agree that there is a 
certain flavour about those days when controlled flight 
was still an unaccomplished dream that escapes us in 
these times when aeronautics is harnessed with a great 
industry and the multitude of workers is so large and 
so specialised that it is difficult for the left hand to know 
what the right hand does. 

That brings me directly to thoughts about the object 
which is stated in Article 3 of our By-laws: “The 
advancement of the art, science and engineering relating 
to aeronautics by appropriate means.” It will be noted 
when reading further that of the means specifically men- 
tioned the majority is related to the exchange of infor- 
mation and ideas, both by the spoken and written word. 
Now there are two ways in which this exchange can take 
place. One is among small groups of people having a 
common but restricted interest who feel the need of 
flocking together with those of the same feather to 
discuss in minute detail the utmost refinements of their 
subject. This sort of meeting was possible among the 
founders of the oldest society because then the accumu- 
lated knowledge of the whole of aeronautics was within 
the compass of a man’s mind and no aeronautical topic 
could be incomprehensible to any of the assembled 
members. The need for such exchange continues to 
exist and for the reason that further progress now 
depends, with one or two notable exceptions, upon 
humerous smal! steps of refinement rather than upon 
shattering new discoveries. 

Another way to exchange information and ideas is in 
broader groups, all the members of which have a con- 
tributary interest in a common aim and in which the 
left hands may have an opportunity of learning what the 
right hands are doing, and why. This, to my mind, is 
a very essential and useful function of this Institute and 
one of the main justifications for its existence. To use 
a modern catch word the Institute will be an application 
of “System Engineering” whereby each element of the 
Profession learns to fit itself neatly into the system in the 
tight proportion. That, however, is not the only profit 
to be gained for, in addition to the benefit which one 
man derives from learning what the other fellow does, 


the other fellow, in his turn, not only acquires 
sympathetic support but he may even get fresh inspira- 
tion from the searching and uninhibited questioning of 
those who are not specialists in his particular line. I 
speak of this with some knowledge. A good many years 
ago I was conscripted to a committee on specifications 
for certain products whose technicalities were completely 
unknown to me, for the stated reason that my value lay 
in the silly questions I was prone to ask. 

There is one fundamental WHEREAS that does not 
appear in our By-laws. It is taken for granted that 
aeronautics is a worthy cause. To be starkly realistic 
let us face the sobering thought that among techno- 
logical enterprises, aeronautics is one of the few about 
which the slightest element of doubt can for a moment 
be entertained. Let us ask the simple question “Is 
aeronautics a benefit to mankind?” It is an undeniable 
fact that the development of aeronautics has placed the 
security of more people in jeopardy than any other 
technological development in the history of the world. 
It has armed the attack more effectively than it has 
armed the defence and it has immeasurably deepened its 
range of penetration so that no spot on the earth’s sur- 
face that is a worthwhile target may feel secure. It 
is also an undeniable and consequential fact that the 
manpower and wealth devoted to the warlike applica- 
tion of aeronautics far exceeds what is devoted to its 
peaceful exploitation and it is probably safe to say that 
the ratio between the amounts devoted to these applica- 
tions looks far worse for aeronautics than it does for 
any comparable form of scientific and engineering enter- 
prise such as transportation by rail, highway, or sea, 
or electric telecommunication. 

At first sight the picture does look a little grim but 
there is really no need for this Institute to have any 
sense of guilt, even though the majority of its members 
are devoted to military aviation. It is not in aeronautics 
that the fault lies but in its mis-application by aggressors 
and this Institute’s activities will contribute to forestall 
aggression. As with almost every other form of human 
discovery and enterprise it is possible—nay, almost 
inevitable—that mankind will apply it to some extent to 
the purpose of war. I am told that the very name 
“engineer” was first applied to those who fired the 
earliest cannon, that revolutionary engine of war which 
could indubitably be called the primitive internal com- 
bustion engine. The armed chariot no doubt followed 
closely upon the invention of the wheel, and man very 
quickly exploited the mobility of the boat to gratify his 
predatory instinct. It is just that with aeronautics the 
arithmetic looks condemnatory, so let us look for an 
instant to some arithmetic on the other side of the 
picture. 

If voluntary individual patronage of a public service 
is a fair measure of its benefit to mankind, the record of 
development of traffic and revenue of the world’s 
scheduled air services is indisputable evidence of man- 
kind’s own judgment of the worthiness of aviation. The 
figures I quote are taken from a report of the Council 
of the International Civil Aviation Organisation. They 
exclude the U.S.S.R., Communist China and _ their 
satellites of whom we have no certain knowledge. From 
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1929, which was before trans-oceanic services com- 
menced, to 1953, the passenger miles performed 
increased from 132 million to 28 billion, 580 million; 
that is to say that in less than a quarter of a century 
the passenger miles sold multiplied themselves by 216. 
Turning to the post-war years, cargo ton-miles have 
increased from 187 to 700 million and mail ton-miles 
from 88 to 185 million and the number of passengers 
carried has increased from 21 million to 52 million. We 
can therefore at this moment be assured of the moral 
support of at least 52 million people, not to mention the 
countless others who have benefited from the very 
significant contribution aviation has made towards the 
discovery, exploitation and protection of the world’s 
natural resources through exploration and survey of all 
kinds, pest control, fire protection and non-scheduled 
transport. 

What of the future? In what direction should aero- 
nautics go to increase its contribution to the well being 
and comfort of mankind? Should we press forward to 
interplanetary navigation or are there still plenty of less 
visionary objectives to be achieved within the compass 
of our terrestial atmosphere? Speaking personally the 
world has not become intolerable to me and I am 
convinced that there is plenty of scope here. Take the 
52 million passengers I have just mentioned; it sounds 
like an awful lot of people but the total number of 
separate individuals who travelled by air is only a small 
fraction of the hundreds of millions who populate the 
countries returning the statistics. A much smaller 
fraction than those who travel by train, by bus or by 
automobile, who use the long-distance telephone or go 
to the movies. Is aviation inherently a boon to the 
privileged alone or can we break down the barriers 
which prevent the spread of its potential patronage? 
Turning again for an instant to the world statistics, the 
average distance flown per passenger has varied between 
1947 and today between 536 miles and 559 miles. This 
signifies that the statistical average world citizen has 
balanced urgency, reliability, convenience and cost and 
rejected aviation for distances below 500 miles*. Yet 
there must be many times more people who desire or 


*These figures would be slightly modified if trans-oceanic 
aviation were segregated, 
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have need to travel for less than 500 miles than there 
are who want to go for that distance or more. 

Aviation has done a wonderful job in holding the 
rate line against rising costs of services and commodities 
but it does not yet provide a vehicle for the multitude: 
I suggest that it would be a worth while target to 
reduce the distance at which the average man will strike 
a balance in favour of the air to something less than 
two hundred miles. This is no new suggestion but | 
venture to say that the project has received far less 
attention than that of flying farther, higher and faster, 
The attack upon this objective must be launched upon a 
very broad front and the mere enumeration of the 
factors involved would more than double the length of 
this address, so I will just leave you with the thought 
without suggesting any specific line of approach and the 
programme committee might consider it as suitable fare 
for a series of meetings. 

I do not want to create the impression that there is 
not plenty to do in the long-haul field, but with the 
benefit of mankind as a whole in mind I venture to urge 
that the objective is to put the advantages of aviation in 
reach of more people. If speed contributes to that cause, 
by all means let us have speed, but never let us forget 
the main objective. 

Aeronautics has yet to produce the satisfactory 
vehicle for personal transportation. I know that many 
people view this possibility with horror and trepidation 
but the automobile was looked upon with somewhat 
similar concern. I do not visualise a general distribution 
approaching that of the automobile, but given the right 
amount of development effort I have no doubt that a 
safe technical solution will be found and the number of 
private users multiplied many fold. 

Having reminded you of the past and hinted at a line 
for the future, I cannot close without expressing my 
admiration, without naming names, of those who have 
devoted so much of their time and energy to the 
inauguration of this Institute. They realised that 
Canada’s growing stature demanded such a move and, 
with firm confidence that the time was ripe, they acted. 
May I add my good wishes to the many for a long and 
prosperous life of the 
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Heat Transfer Equations for an Air-Air Heat Exchanger 


W. J. ANNAND, B.Sc., A.F.R.Ae.S. 
(Rolls-Royce Ltd.) 


N a recently published book, The Aerodynamics of 
Propulsion, by Kiichemann and Weber, there is 
included a brief discussion of heat flow in an air-air heat 
exchanger. The treatment given rests on an assumption 
which appears to be generally accepted, but which seems 
to the present writer to be physically unsatisfactory and 
to yield at least one misleading result. It is the purpose 
of the present note to show that a solution of the heat 
transfer equations can be obtained using an alternative 
assumption which seems physically more acceptable. 


ASSUMPTIONS AND BASIC EQUATIONS 

As in the discussion cited, a hot and a cold stream of 
air are assumed to flow through interspersed passages 
of equal length. The cases in which the streams move in 
the same direction (parallel flow) or in opposite direc- 
tions (counter flow) are considered. 

It is assumed that no heat is conducted along the 
wall which separates the streams. Then, taking the 
x-axis in the direction of motion of the cold stream, 
with origin at the plane of entry of the cold stream, and 
taking the block length as unit dimension, the following 
well-known basic equations give the heat transfer rate 
per unit length, dQ/dx at plane x: — 


(2) 
dx 
. .. @ 
dx 
=> k.C\W. = T.) (4) 


the positive sign in (2) corresponding to counter flow 
and the negative sign to parallel flow. In these 
equations, 


C, = specific heat of air at constant pressure 
heat transfer coefficient, cold 


assumed 
k,,= heat transfer coefficient, hot — pendent 
side 


temperature of cold stream at x 

T,,= temperature of hot stream at x 
T,,.= temperature of dividing wall at x, cold side 
T.,= temperature of dividing wall at x, hot side 
W.= weight flow rate of cold stream 

W,,= weight flow rate of hot stream. 
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Now, in the treatment cited, the 7, values are 
eliminated by assuming and an exten- 
sion of a simplification adopted in dealing with air-to- 
liquid heat exchangers, where the wall temperature is 
taken equal to that of the liquid. It is plain that this 
assumption leads to a ready solution of equations (1) to 
(4), but the present writer finds it hard to place any 
physical interpretation upon it. The resulting equations 
appear to describe a state of affairs in which a thin wall 
separating a hot stream from a cold one is simultane- 
ously cold on the side next the hot stream, and hot on 
the side next the cold stream, while heat flows through it 
from its cold to its hot side. As will be shown, it is not 
necessary to make this assumption in order to obtain a 
solution. 

The alternative preferred is to put , the 
value of T, varying with x. Taken along with the 
assumption of zero heat flow along the wall, this corre- 
sponds, physically, simply to the assumption that the 
division between the streams is infinitely thin. 

From equations (1) and (4), with this substitution, 


ky, + k.W.T. 
kW, 
Hence, from (1) and (2), 
aT, 
(T,-T)=+Wr (5) 
and, differentiating with respect to x, 
1+ (k,W,,)/k.W.) \ dx ar 


SOLUTION FOR THE COUNTER FLOW CASE 
Taking first the counter flow case, corresponding to 

the positive sign in equations (5) and (6), we have from 

(2) and (3) 

dT. _ 

a We 

k,(1—W,,/W.) dT 


de 1+ dx 
dT), 
say. 
For A 0, the solution of this equation is 
Bexp(Ax)+C 
A 


—=:= 
by 
= 
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= 


and from (5), 


the constants of integration B and C being determined by 
consideration of the conditions T,=7); at x= 1, T.=Te 
at x—0 (the suffix “i” indicating inlet conditions), giving 


Ty _ exp A—exp(As) 
Wy __exp(Ax)-1 (8) 
Ti = T. W. exp A ron (W,,/ W, ) 


For the case A=0, which corresponds to W,,=W., these 
solutions are indeterminate, and the direct integration 
of (6) gives (after determination of the constants of 
integration, as before) 


Ti — Tos (9) 
(10) 


It is readily shown that equations (7) and (8) tend to (9) 
and (i0) as A tends to zreo. 


SOLUTION FOR THE PARALLEL FLOW CASE 
From (2), (3) and (6), taking the negative signs, 


aT, 4 W,,/ W.) dT), 
dx ’ 
ky, (1+ W/W.) 


and putting (ki, W,,)/(k.W.) 


the solution obtained, taking account as before of the 


WwW 
| 
w HOT 
a | 
Sis STREAM 
/ 
a | len 
eld 
fa) a | 
\ 
(a) 
0-4 
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WwW 
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Sid 0-4 0-6 08 he) 
ile FRACTION OF EXCHANGER LENGTH FROM COLD INTAKE 
Wh / We = 2-0 
Wh /We = 1-0 
-------- Wh / We = 0:5 


FiGure 1. Variation of air temperature along a counter flow 
heat exchanger, with k, =k,=3-0. 
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inlet conditions, is 


Ty —T, 1—exp(—F*x) 

T.-Ta_ Wn 1—exp(—F*x) 
Tu W. | + W,,/ W. 


In this case, F cannot become zero. 


DISCUSSION 


Figures | and 2 give examples of the predicted 
variation of air temperature along counter flow and 
parallel flow heat exchangers with k,=k.=3-0, for 
various values of W,,/W.. The general shapes of these 
curves are, of course, much as predicted by the earlier 
theory. 

Figure 3 shows the variation of the total air tempera- 
ture drop from inlet to outlet on the hot side with the 
ratios W,/W, and k,/k.. This diagram illustrates an 
important difference between the present treatment and 
the earlier one, which, by putting T,,=7. and T,.=T,, 
clearly requires, from equations (1) and (4), k,/k,= 
W./W,. This has been interpreted—in the present 
writer’s opinion, mistakenly—as meaning that the heat 
transfer is most effectively accomplished when the 
balance just given is satisfied, some fluid otherwise 
passing without taking part in the heat exchange. In 
the writer’s view, the relation is simply a statement 
about the definitions of A, and k., which are not fixed 
independently but are given only by equations (1) and 
(4). The present treatment produces no such inter- 
relation between the ratios of the coefficients and the 
flow rates, so that the effects of varying each 


WwW 
=> 
WwW | 
1.0 
i] 
q INN | | 
| HOT | 
STREAM 
a A | 
| 
| 
| 
| 
WwW a | | 
| 
| 
la 
| COLD | | 
| | STREAM 
a | | 
fe) 
o-2 04 06 08 1-0 
FRACTION OF EXCHANGER LENGTH FROM INTAKE 
—— Wh /We = 2:0 
Wh / We =1:0 


FIGURE 2. 


Variation of air temperature along a parallel flow 
heat exchanger, with k, =k,=3:0. 
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Wh / We 
Figure 3. Variation of total temperature drop of the hot air 


with W,,/W., and k,,/k., for a counter flow heat exchanger, with 
k,, = 


independently may be studied. Fig. 3 shows that in the 
general case there is no critical relation between them for 
maximum transfer. 

A critical relation does emerge if a more restricted 
case is considered. Suppose that the sum of the heat 
transfer coefficients (kj, +k.) is set equal to some fixed 
value, Z say, which corresponds roughly to the assump- 
tion that a certain total area of extended surface is 
available and may be divided at will between the hot and 


cold sides. Then putting k,/k.=K and W,,/W.=Q, the 
expression for the “effectiveness” on the hot side of a 
counter flow exchanger is 


(where 7),,= hot air outlet 
temperature) 
expA—1 
KZ(1—2) 
4-7 
so that 
diy _ dm dA 
dK dAdK 
= -2K)Z 


This expression is zero when (i —°2K*)=0, and further 
differentiation shows that », is then at a maximum. This 
result may be interpreted to mean that the most effective 
proportioning between hot and cold streams of the avail- 
able surface in a counter flow heat exchanger block of 
given size, in order to produce as large a temperature 
drop of the hot stream as possible for a given flow ratio 
W,,/W., is that which gives 


ku /k.= 


An identical result is obtained for the parallel flow case. 
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The Flight Envelope of a Helicopter 


P. R. PAYNE 
(Auster Aircraft Ltd.) 


HE only simple method of estimating the tip speed 

limitations imposed on a rotor by retreating blade 
stall on the one hand, and compressibility losses on the 
other, is that given by Hafner’’. It suffers from the lack 
of accuracy always inherent in a “standard radius” 
method, and for present-day use a more refined 
approach is obviously desirable, provided that it still 
enables rapid estimates to be made. 


l. EXPRESSION FOR BLADE LIFT 
The lift on one blade element, of chord c and dr 
Wide, situated r feet from the hub centre is: 


Defining 
c=C,(1—f*x) to allow for blade taper 
x=r/R 
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R=overall blade radius 
U=V,(x+usinv) (U being the velocity com- 
ponent in the plane of rotation). 
speed 
tip speed ratio 
V = forward speed of helicopter 
w=azimuth angle of blade 
Cy, = basic lift coefficient of blade. 


The above symbols which are defined more 
rigorously in Ref. 2, are standard in simple helicopter 
aerodynamics. Substituting in equation (1) we have: 


(1 dx. (2) 


Integrating with respect to x by means of the taper 
integrals of Ref. 2, where: 


| (1 — t*x) 
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RATIO OF C, pacic TO C, pacic IN HOVERING ( 


0-8 
06 
w 
a 
0-45 
a 

TAPER RATIO 
=z 
02 = 
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TIP_ SPEED RATIO 
Ficure 1. Variation of mean blade lift coefficient C 
with tip speed ratio /. 


L basic 


where x 

x,=0-97 
for conventional rotors, to allow for root and tip losses 
(values of f,, are plotted against taper ratio f* in Ref. 2) 


L=CinkpV Re, +2ut, sin V+ (1—cos (3) 


If we assume the total blade lift L to approximate to 
the hovering value, then the ratio of C,, in forward 
flight to its hovering value is: 

Ciz 


Com 


2. STALLING OF THE RETREATING BLADE 

Equation (4) is plotted in the upper half of Fig. 1 for 
the retreating blade at Y=270°. Knowing the hovering 
value Cygnoy and the value of Cy max, Fig. 1 immediately 
gives the tip speed ratio at which blade stalling com- 
mences, for any blade taper. It is seen that the Hafner 
criterion is unduly optimistic in this respect. 

It is evident that the use of Fig. 1 is not entirely 
justified if the twist of the blade is such that the C;, of 
each blade element does not approach the overall value 
Cy. In modern rotors it is unusual for this not to be 
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so, because it is often a design condition that all blade 
elements shall stall at the same moment, in order to push 
!4max aS high as possible. In designs of which the writer 
has experience no detectable error has arisen from this 
cause. 

It should be remembered that a rapidly oscillating 
rotor blade can achieve a higher value of Cy w.. than js 
possible at the steady pitch angle associated with hover. 
ing. Generally speaking, this dynamic or “ Wagner” 
effect can increase the static Cy, max by as much as 50 per 
cent., and in the absence of more detailed information 
this ratio can be used. 

In determining the value of Cymax probably the 
simplest approach is to determine from wind tunnel data 
the Cymax Of the blade section at 70 per cent. of the 
radius from the hub centre (the so-called “ standard ” or 
“ aerodynamic ” radius). 

The above points are illustrated by the stalling limit 
in Fig. 2. Since Cymax=1-0 for the 0-7R section in 
hovering the tip speed at which this occurs was derived 
from equation (3) as: 


W 
max Rc, bt, 


where W =aircraft weight 
b=number of rotor blades. 


Then for the dynamic Cy max =1°5 the forward flight 
curve was plotted from Fig. 1. Finally, the curve was 
faired into the hovering point “by eye” since no data 
exists for the transition region. It will be noted that the 
result is very different from the simple straight line of 
the Hafner criterion. 


hovering Vomin= (5) 


3. COMPRESSIBILITY LOSSES ON ADVANCING BLADE 

Hafner assumes in Ref. | that it is necessary to limit 
the tip of the advancing blade to its critical Mach num- 
ber if considerable losses are to be avoided. Muri is 
usually taken for the tip at C,=0 and the resulting 
envelope is an inclined straight line. 

This approach suffers from three major defects; 
critical Mach number is not necessarily reached first by 
the tip on a tapered blade; the value of elemental C; 
along the blade varies with forward speed, and therefore 
so does the value of M..i:; and finally the basic premise 
is in doubt since it is possible to run rotors at tip speeds 
in excess of the speed of sound without measurable 
reductions in lifting efficiency occurring. 

Without going too deeply into the pros and cons of 
a very debatable matter, it may be said that a case exists 
for limiting the speed below that at which lift divergence 
occurs. In the following discussion M,,i, can be used 
without defining it precisely. 

The value of C, is given by Fig. | for the advancing 
blade in terms of its hovering value, but in this case It 
is not possible to assume that elemental C;, approximates 
to C,, along the blade. 

It is within the required accuracy to assume that at 
0:-7R however, and this enables C;, to be 
estimated for other stations once the blade twist 1s 
known. If we assume the linear variation of Ref. 2, 
such that the blade angle at any element is: 

—O7x 
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6, = theoretical root angle 
¢,=angle of twist (positive for washout”). 


where 


The elemental angle of attack is therefore: 


If a=lift curve slope, then at the standard radius 


A 
and the elemental lift coefficient is therefore 


1 1 
C+ 0-7-2) — ——)an (6) 


where C,x is given by Fig. 1. 

To determine the compressibility limits it is necessary 
to evaluate equation (6) for four or five stations outboard 
of 0-SR at a given forward speed, in order to plot C;, 
against x. If this is done for several tip speeds, and the 
speed corresponding to M.,,, along the blade over- 
plotted. the critical tip speed at which M.,;, occurs 
somewhere along the blade can be read off. If this is 


SPEED—FT. /SEC.—->~ 


repeated for three or four speeds (including hovering) a 
curve similar to that in Fig. 2 can then be drawn. 

It is the experience of the writer that any simpler 
approach to the problem of compressibility can lead to 
conclusions sufficiently erroneous to affect the efficiency 
of a design. 

For practical purposes the lift curve slope varies in 
accordance with the simple Prandtle-Glauert relation 


a 
a= 
where a’=the low speed value. 
For purposes of determining 6, Ref. 3 shows that M 
can be taken as the value of 0°7R. 
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Note on the Evaluation of the Integral 


x 


( (x 5” (2) log | x | dxaé, 


o 0 


for S’(0)=0=S’ (1) 


by 


N. A. ROUTLEDGE, W. T. LORD AND E. EMINTON 
(Royal Aircraft Establishment) 


HE Integral I occurs frequently in aerodynamics. 
To cite a particular case, Ward” has shown that 
if S(x) is the cross-sectional area distribution of a 
slender body its wave drag D is given to a first approxi- 
tion by D=qI/(2z), where q is the kinetic pressure. In 
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this case, S(x) is often defined numerically, and the 
direct evaluation of I is then complicated by the presence 
of the logarithmic singularity. Several methods may be 
employed to avoid this complication. Legendre® has 
recently suggested rewriting I in a non-singular form, 
which unfortunately is not well suited to numerical 
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work. Here, a method for the evaluation of the 
unmodified integral is presented. 

If S’ (x) is a continuous function of x for O=x*=<1 
and $’(0)= S’(1)=0, it may be expressed by the trans- 
formation x=4(1—cos@) 
as a function of 6 for 0<=4 == which has a convergent 
Fourier sine series. Thus we may write 


x 
i 


a; 
a,= S’(x) sin Q) 
4 isu. S(0)). 


and the successive a,, may be written * 


where 


in particular 


) 


in terms of the 


volume, j SQdx, and the moments of volume, 


0 
1 1 


It may be shown™ that 


Thus I may be evaluated simply when the a, are known. 
However, the direct calculation of the a, implies an 
explicit knowledge of S’(x). Usually only S(x) is 
known and calculating S’ (x) may involve an intolerable 
loss of accuracy. Hence, some method is required of 
calculating the a, from S (x). 

It follows from (1) by integration that 


where a, is defined to be zero. Now, there exists a 
method, much simplified in practice by the use of an 
automatic computing machine, for approximating to the 
coefficients of a Fourier sine series from the graph of 
the function it represents. S(x) cannot be accurately 
represented by a sine series for the whole range 
0<x<1 unless it is zero at both ends. But if 

S(x)=S, (x) + T (x) (5) 
where (0)=S$(0), S, 1)=S(1), S,’(0)=0=S,’ (1), then 
T (0)=0 and T(1)=0 and so T(x) may be expressed as 
a Sine series 


d,_,) sin (4) 


x 
T (x)= & sin (6) 


The method may be applied to this function to yield the 
b, which, for suitably chosen S, (x), are related to the a, 
in a simple fashion. 
Considering (4), the simplest S,, (x) appears to be 
S, (x) =S (0) + 44,6. (7) 
But an S, (x) of greater aerodynamic significance is 
S,, (x)= $ (0) + $a, (6 — 4 sin 24) 
=$(0)+ (8) 


from (2); this is the optimum area distribution for 
minimum wave drag for given length, nose area and 
base area™. In this case 
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= 


so that 


n 
Qr—1)6.,_,, n=1, 


n 


wee. 
r=1 


The S, (x) given by (8) is being used in all our calcula. 
tions now in progress. If the volume and some of the 
moments of volume are known, other functions §, (x) 
might be used which would result in some of the early 
b,s being zero, but there seems little point in changing 
S,, (x), since the extra knowledge would provide a useful 
check on the calculation of the b,. 

Having selected an appropriate S, (x) and calculated 
the corresponding T (x), the approximation to the b, is 
given“? by the finite sine series 


sin I<n<N-1, . (10) 
where N is a positive integer and the 7, are the values 
of T(x) at the points x=4(1—cosrz/N), r=1, 2,..., 
N-—1. The accuracy of the approximation increases 
rapidly with N (the value N = 36 has been chosen for the 
programme on the A.C.E. at the National Physical 
Laboratory for this part of the calculation, and should 
be more than adequate in all practical cases). The 5, 
after the first few, say (M — 1), are usually very small and 
may be attributed to rounding off errors, or inaccuracies 
in reading the graph of S(x). The 6, forM=<=n<N-1 
may then be taken to be zero. 

It is possible, therefore, to evaluate the integral | 
directly from a graph of S(x) as follows: first choose 
S,, (x) as in (8); then calculate the coefficients b,, of the 
Fourier sine series of T (x)=S(x)—S, (x) from (10) with 
the aid of the A.C.E. and put b,=0 for M<n=<N-1; 
next derive the coefficients a, of the Fourier sine series 
of S’(x) from the b, from the simple expressions (9) 
which relate them, and assume that a,=0 for 
M+\1<n<N; finally use (3) to give the value of I 
from the a,,. 
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A SELECTION OF GRAPHS FOR USE IN CALCU- 
LATIONS OF COMPRESSIBLE AIRFLOW. Prepared on 
hehalf of the A.R.C. by the Compressible Flow Tables Panel 
(Chairman: Professor L. Rosenhead). Clarendon Press, 1954. 
115 pp. 84s. 

This volume of graphs has been prepared as a com- 
panion volume to the previously issued A Selection of 
Tables for Use in Calculations of Compressible Airflow. 
The Panel responsible for the preparation of this volume 
are again careful to begin the title with the words “A 
Selection of ...” It is clear that it would be an impossible 
tak to prepare graphs to meet all the possible needs for 
workers in this subject and the selection chosen by 
Professor Rosenhead and his colleagues undoubtedly covers 
the most important and the ones for which there will be 
the greatest demand. 

The subjects dealt with and the quantities graphed are, 
in the notation used, as follows :— 


Abscissa 
Isentropic Flow Ordinate 
M P/ Dos Pos Dy, 
A/A,, qlas Cy 
p/P, A,/A, C, 
P/P,, 
Normal Shocks 
M, Po! Pis M.,, T,/T,, a,/a,, Pros 
Poo/ 
Oblique Shocks 
M, M.,, M, sin 
Pag! Pros Pa! Pys 
Ps /P, (Dealing with reflection from a solid wall) 
Conical Flow (Axi-symmetric) 
M, AM, 6, (p.— P,)/Gp19,") 
Reynolds Number 
M R/(10°lp,), 
altitude R/(108/M), 
10° u. 


In each case the curves are presented for various 
important parameters. The upper limit of the Mach 
number considered is 5, while the graphs refer only to air, 
with the value of y taken as 1-4. 

Each section contains a brief compact introduction to 
the relevant theory, as in the case of the companion 
volume, and adequate references are appended. The 
more important functions are presented in single page 
graphs as well as in multiple page graphs. The former 
are intended for rough working and to provide an overall 
picture of the nature of the functional relation considered. 
The latter are intended for more accurate working, having 
an accuracy which in general approaches that of the Tables 
and which should be suitable for almost all practical needs. 

One cannot praise too highly the presentation of the 
graphs. Not only has the greatest care been taken to 
make them easily readable, but in layout, titling and 
collective arrangement they are most pleasing and must 
seta new standard in such publications. 


It is unfortunate but inevitable that this volume is 
priced beyond the pocket of the average student or young 
aeronautical engineer. Firms and research establishments 
should, however, find it an essential addition to their 
relevant departmental libraries and cheap at the price. 
Professor Rosenhead and his colleagues deserve the thanks 
of all actively concerned with aeronautical progress for 
this beautiful and useful book.—a. D. YOUNG. 


It is appropriate here to record that the Panel have been 
most generous in the assistance that they have afforded to 
the Royal Aeronautical Society Aerodynamics Data Sheets 
Committee in the preparation of data sheets relating to 
supersonic flow.—EDITOR. 


THE HELICOPTER AND HOW IT FLIES. John S. Fay. 
Pitman. 105 pp. Diagrams. 10s. 6d. 


To try to explain the helicopter, its mechanical devices, 
and how it flies and is flown, in simple language and 
without recourse to a single mathematical formula, is no 
easy task, but John Fay in this little book has succeeded 
admirably in giving the fundamentals. The book is written 
in clear understandable language and is extremely well 
illustrated. 

In his preface the author states that he has tried to 
avoid the pitfalls of inaccuracy which one so often finds 
in books which attempt to simplify a complete subject, 
but he has not wholly succeeded, and there are a few 
statements which are inaccurate and misleading. 

In Chapter II, dealing with the helicopter in vertical 
powered flight, the opening paragraphs state that to make 
any object leave the ground an upward force greater than 
the weight must be applied, and in the accompanying 
sketch of a helicopter the lift vector is shown larger than 
the weight vector. In all steady conditions of flight, of 
course, the rotor thrust is substantially equal to the weight, 
and a helicopter climbs not because the rotor thrust is 
greater than the weight but because the power available 
at the rotor is greater than that required to develop the 
thrust and overcome drag, so that work can be done against 
gravity to raise the aircraft. 

Again in Chapter V in explaining the need for more 
power in vertical climb than for climb with forward speed 
at the same rate of climb, and in explaining over-loaded 
take-off in the ground cushion, that utterly misleading 
pilots’ expression “translational lift” is used. To the 
uninitiated reader this expression can only convey the 
impression that lift is gained from forward speed, whereas 
what is meant is that with forward speed the rotor can 
develop ihe required thrust when absorbing less power, so 
that more power is available to overcome drag and/or to 
improve climb. 

In Chapter VI, in dealing with the correction of the 
rolling moment due to dissymmetry of lift in forward flight, 
the statement is made that while in the gyroplane it is 
flapping which provides the correction, in the helicopter 
the correction is by cyclic pitch change.~ The author is 
guilty of loose thinking here, and indeed as the context 
shows he is not really speaking of dissymmetry of lift at 
all, but of the longitudinal control to trim. It is flapping 
which corrects for dissymmetry of lift but, as the author 
correctly states in the preceding paragraphs, owing to the 
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backward inclination of the rotor (tip path plane) due to 
flapping the stick has to be farther forward than would 
otherwise be necessary to maintain the rotor at the correct 
attitude for a given speed. 

It is a matter for regret that this type of inaccuracy 
has crept in, particularly since in the last two cases quoted 
the author has already correctly explained the physical 
reasons for the phenomena which he is describing. 

None the less, in spite of a few blemishes, the book 
will serve a useful purpose in explaining the helicopter to 
the interested layman, and as an introduction to the 
subject to the junior technician who is just taking up the 
study of rotary wing aircraft.—R. N. LIPTROT. 


SLIDE RULE. “The Autobiography of an Engineer.” Nevil 
Shute. William Heinemann Ltd. London 1954. 249 pp. 
Illustrated 18s. 

When an author of Nevil Shute’s calibre applies to 
autobiography the same swiftly moving, lucid style that 
has made his books so popular, the result is bound to be 
eminently readable. He has always shown an amazing 
facility in weaving the technical aspects of aviation into 
the theme of his fiction; but now in Slide Rule he describes 
the earlier decades of his own life as an aeronautical 
engineer and it becomes a story enthralling as any novel. 
Indeed, when he writes of the disastrous epic of the R.101, 
not only is an amazing page of history turned but it is 
reminiscent of the style of that prophetic book of his 
genius: No Highway. 

Work on airships moulded his mature thought. From 
Oxford he had gone to the fledgling firm of de Havilland 
as a technical assistant initially unpaid and then in 1924 
joined the newly formed Airship Guarantee Company as 
Chief Calculator under B. N. Wallis devoting the next six 
years to the private enterprise R.100 contract. Working 
in a spirit of commercial and pioneering rivalry with those 
employed on the State-sponsored R.101 being built at 
Cardington, he inevitably made comparison of the methods 
and facilities available to each project. 

“ After twenty-five years it should be possible to write 
candidly in the interests of history,” he says—and having 
drawn the curtain dramatically aside critically exposes 
what appeared to him to be the perils and ineptitude of 
a bureaucracy, profligate of finance and capable of 
smothering errors both technical and political, which led 
ultimately to the destruction of the R.101 in flames— 
compared with the relative success of the R.100. Those 
who worked within the walls of secrecy that undoubtedly 
enclosed the Royal Airship Works may have other views 
on these matters; but it must be remembered that this 
book is a personal expression, and it is the impact of 
affairs on the author’s mind which is important in an 
autobiography. It is not surprising that he confesses this 
contact with the methods of Government officials seemed 
so tragic that it still colours much of his thought. Though 
his books prove him to be a deeply compassionate man, 
inevitably he concludes from his experience that such 
officials are ineffective in engineering development, with 
the corollary that if the security of new weapons demands 
such men be charged with producing them, then “the 
weapons will be bad weapons, and this goes for atom 
bombs, guided missiles, radar and everything else.” 

At 31, with airships finished forever, Nevil Shute 
Norway suddenly found he had to begin again. Despite 
the economic depression which put so many out of work, 
or perhaps because of it, he decided to establish a small 
aeroplane manufacturing company, and found that his 
colleague, Hessell Tiltman, was game to try with him. 
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On a capital of £5,000, after a profitless search for more, 
and tentative orders for two aeroplanes, the business of 
Airspeed Limited was launched. 

When he wrote In the Wet, Nevil Shute made 
masterly analysis of the political mind, and offered further 
disquieting prophecy. He does not like the Welfare State 
with its adulation of mediocrity and suppression of 
initiative by “ security.” So recalling the struggle to keep 
Airspeed solvent, he discovers yet another shot to hurl at 
the restrictive outlook of modern governments. It is not 
State economists waving magic wands over Banks, he 
insists, but the individual gambler who is the essential pro. 
vider of risk capital which he has obtained either from 
inheritance or sale of property. If governments impose 
restrictions on these sources of private wealth it will 
eliminate the flow of risk investments and thus prevent 
new industries of consequence from coming to life. 

Nevil Shute’s account of the growth of Airspeed to 
success is a story of courage and resource frankly but 
modestly told, culminating in his departure eight years 
later and the start of another life—his gladness “ tempered 
with regret, for once a man has spent his time messing 
about with aeroplanes he can never forget their heartaches 
and their joys, nor is he likely to find another occupation 
that will satisfy him so well, even writing novels.”— 
HARALD PENROSE. 


STRESS CONCENTRATION DESIGN FACTORS. BR. E. 
Peterson. John Wiley Inc., New York, and Chapman & Hall, 
London, 1954, 155 pp. Illustrated, Charts. 68s. 


Over recent years increasing attention has been paid to 
detail design, not only in the Aircraft Industry but in most 
branches of engineering concerned with what might be 
termed mobile structures. Mr. Peterson comments in his 
preface on the nuisance aspect of detail part failure rather 
than its catastrophic potentialities. For instance, he notes 
that minor failures in aircraft structure are reported to the 
C.A.A., after maintenance inspections, at the rate of about 
thirty a month while over a recent three year period one 
hundred propellers were lost at sea, from Liberty ships, 
due to fatigue failures of the screwshaft. 

The purpose of the book is to encourage better detail 
design by placing in the designer’s hands information 
which will enable him to improve his design calculations. 
To this end full page charts are given for a large variety 
of stress raisers showing elastic stress concentration factors 
derived by mathematical means, photo-elastic analysis, 
precision strain gauge analysis and various analogy tech- 
niques. Further factors, which represent the elastic factor 
as reduced by the von Mises criterion of failure by yielding, 
are presented and used in various example calculations for 
fatigue strength. The notch sensitivity values necessary 
to these calculations are presented for a few materials. 

Since the purpose of the book is educational (parts of 
it are based on a course given at the Westinghouse 
University of Pittsburgh) it might have been thought more 
appropriate, and more in the interest of good design, had 
the author confined his attention to presenting the estab- 
lished stress concentration data and had he emphasised 
that design should be aimed at removing altogether those 
features leading to high concentrations of stress. He might 
have done considerable service simply by plotting oF 
tabulating ratios of the dimensions of stress—raisers which 
should be avoided at all costs! This is of course an over- 
simplification of the problem but Mr. Peterson’s crusade 
for better detail design is not necessarily advanced by the 
publication of his book; in the hand of an inexperienced 
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designer it could be responsible for replacing bad details 
which break by bigger bad details which don’t break. 

Despite the fact that the reviewer feels that the book 
does not of itself encourage good detail design, in the 
hands of competent engineers it may do much to advance 
this objective. In fairness to Mr. Peterson it must be 
said that he does not regard it in its present form as a 
text book but rather as a working tool. The easy “ edge 
finder’ reference may defeat his object as it is rather too 
easy to find the appropriate curve and do the calculations 
without reading the wise word of caution contained in the 
text. 

To summarise; the book is an excellent collection of 
theoretical and experimental data on stress concentration. 
The presentation of this data is generally very good, 
although the precision with which it is presented may infer 
a greater accuracy than is justifiable when applied to 
practical examples.—a. J. BARRETT. 


HELICOPTER OPERATION AND DESIGN REQUIRE- 
MENTS. J/nternational Air Transport Association, Montreal, 
1953. 183 pp. Illustrated. $6.00. 


These notes are a review of a “ condensed record” of 
a symposium. Each of these steps denotes a process of 
concentration, but it is hoped that no reader will be 
tempted to regard the lines that follow as the quintessence 
of helicopter wisdom. The subject in itself is not so 
dilute as to suffer concentration without loss. Indeed the 
chief criterion by which a report such as this must be 
judged is whether the effort of condensation leaves the 
value in the residue or allows it to evaporate. 

This reviewer believes that the job of reporting has 
been most ably accomplished. The writing is precise yet 
without the telegraphic quality which suits mechanical 
signals better than the written word, informative yet 
understandable to readers without special technical train- 
ing. What faults are apparent appear to be the faults of 
the conference and not those of the reporter. 

There is however one exception. This reviewer finds 
the habit of attributing views and their expression to 
organisations rather disturbing. No one really believes 
that, say the Ministry of Civil Aviation (like the Merchant 
of Venice) has eyes, ears and a tongue; if we must suffer 
this story in legal documents, I like to know my prophets 
by name. 

Indeed it is mentioned that one old friend of ours was 
speaking for an airline in operational matters and for a 
helicopter constructor in design matters. Let us hope that 
the sequel of this schizophrenic performance was not con- 
tained in angry letters which our friend had to write to 
himself. 

There are a few minor blemishes in the Report. 
Perhaps an editor more familiar with the subject would 
have eliminated the few traces of inconsistencies although 
he must be congratulated for leaving as few as he did. 
It is natural for a reporter to wish to display his imparti- 
ality by putting forward every opinion without bias. In 
technical reporting there must clearly be some limits, and 
few people nowadays would bother to report views 
repudiated by widely accepted facts. Thus, it is well known 
that while an engine can be made less reliable by over- 
loading it, it cannot be made more reliable than a certain 
(inadequate) level by de-rating it (except by stopping it 
altogether). A suggestion to eliminate the need for multi- 
engine helicopters by the derating of its engines is not 
Worthy of serious consideration. Finally, at a meeting 
Where so much is discussed on a “ general knowledge ” 


level, it should be advisable to eliminate the navigator’s 
jargon, at least in the report stage. The result, not only 
in wider understanding but also in clarity of thought, 
would astonish mainly those who u:e this jargon habitually. 

Those of us who have grown to see the helicopter 
mature into reality from a mere vision may feel a great 
sense of gratification in observing so august a body of 
businessmen and administrators assemble in so remote a 
place to discuss topics whose very mention proves that the 
world of practical business has accepted the helicopter as a 
reality and a promise of major importance. Perhaps in 
this transformation lies the main value of the symposium 
and its record. If so, the best review of the Report is a 
reproduction of its list of contents, but at this point it is 
enough to say that the list is truly comprehensive. 

A symposium such as this invites many criticisms and 
indeed is held for the purpose of arousing thought. The 
venue seems to have been chosen so that everybody’s 
journey would be necessary. No doubt someone with 
statistical skill worked out a spot calling for the longest 
average journey by a representative section of the aviation 
industry. The distinguishing feature of this particular 
symposium is the dis-proportion between a small core of 
specialists in helicopter development manufacture and a 
fairly large body of interested airline personnel. This 
reviewer finds the attempt to dress up this lay public as 
embryonic experts in helicopter operations perhaps unfor- 
tunate to the deliberations of the Conference but even 
more misleading to readers of the Report. 

A major international centre of aviation will boast of 
one hundred departures in 24 hours as a record achieve- 
ment. In helicopter operations, if they really break into 
the short haul market, we should think in terms of one 
thousand departures for a similar centre. It is regrettable, 
therefore, that the seeds of the skill which, it is hoped, 
will be applied to helicopter transport operations are not 
being sought at least as much in railway and bus circles 
as in airline experience. The result of this discrepancy in 
specialist knowledge is that when the discussion is brought 
to the level of everybody present one wonders whether the 
journey to Porto Rico was justified. 

The British reader interested in the subject will want 
to know what the symposium has added to the discussions 
and inforation circulated in this country. The answer is, 
very little indeed if we guard our minds against the dangers 
inherent in conferences of this kind. One danger is the 
mixing up of “ generations,” such as in planning operations 
for the next generation with equipment characteristic of 
the present one. Another common danger is the pretence 
of finality supported by “ a little knowledge ”: for instance, 
the Ministry of Civil Aviation’s document on rotor stations 
is most controversial on major problems but gives infor- 
mation on the amount of cotton wool in the first-aid kit. 

This reviewer believes that these warnings are a 
healthier afterthought than the complete cynicism about 
the value of expert opinion which must otherwise arise 
from a study of this Report. 

In other words, every single topic is controversial and 
anyone can join in. It would be impossible to select any 
topics on which the symposium and its conclusions can be 
credited with final authority. However, what a meeting of 
this nature usually does produce is a re-statement of points 
of view in memorable and disarming fashion. This 
reviewer selects a few such passages merely because they 
support his own views on controversial issues. 

On the desirable size of transport helicopters, one 
delegate pointed out that in the early days of overland 
bus traffic, vehicles were designed to take between twenty 
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and seventy passengers but practically all buses the world 
over are now designed for forty passengers. 

On the rotor stations, Messrs. James C. Buckley Inc., 
specialists in airport development studies, think ~ in order 
to be served by air transportation, a community is faced 
with the problem of building either an aerodrome at a 
cost of $2,000,000 or more, or a heliport at a cost of 
$500,000 or less. If the community could be satisfied with 
helicopter service they might save on interest and deprecia- 
tion $130,000 a year for the next twenty years. 

That would permit the subsidisation of a ten passenger 
helicopter to the extent of four cents per passenger mile 
over 325,000 helicopter miles per year, which amounts to 
four or five 200-mile round trips a day.” 

Finally, on the subject of helicopter accidents it was 
stated that in crop dusting, the compensation insurance 
rate for a single-engine aeroplane pilot can be around 
20 per cent. of the pilot’s salary, whereas the comparable 
rate for a crop dusting helicopter pilot is about 5 per cent. 
A Sikorsky representative stated that “the percentage of 
accidents due to pilot error has been relatively high. 
Many of these accidents would have been eliminated had 
sufficient reserve power been available—it was usually a 
case of the pilot levelling out and losing rotor r.p.m. 
too high above the ground during landing. The percentage 
of accidents caused by mechanical failure has been very 
small.” —J. SHAPIRO. 


ANALYSIS OF DEFORMATION. VOL. I. K. Swainger. 
Chapman & Hall, London, 1954. 285 pp. Diagrams. 63s. 

Swainger formulates a mathematically linear theory to 
analyse finite deformation for all amorphous continuous 
substances. It is explained that Volume I formulates 
general ideas in three dimensions and draws general 
inferences without solving the equations and boundary 
conditions for particular cases. The application of the 
theory and its experimental examination will constitute 
the second volume of this work. 

Commencing with general chapters on displacement, 
stress, strain and consideration of thermal effects, the 
author proceeds to devote the rest of the book to particular 
substances; isotropic elastic, visco-elastic isotropic, and 
elasto-plastic isotropic substances. There is also a chapter 
on yield. Vector analysis has been used throughout. 
Although, as the author explains in the preface, vector 
analysis has its obvious advantages in this subject he 
acknowledges the possible preference of his readers for 
other mathematical systems and presents a_ special 
Appendix of some 30 pages giving those essentials of 
Heaviside’s and Gibb’s vector analysis necessary to the 
understanding of his treatise. 

This book is probably of interest to only a small group 
of specialists in the aeronautical profession who are 
unlikely to have great difficulty with the mathematical 
system used. Volume II may have a wider reading. 

The author gives 74 references and concludes with a 
glossary of terms.—a. J. BARRETT. 


TECHNISCHE STROMUNGSLEHRE (TECHNICAL FLUID 
MECHANICS). Bruno Eck. 4th Edition. (In German.) 
Springer Verlag 1954. 422 pp. 401 figs. DM.29.40. 


This volume, intended for engineers, advanced students 
and industry connected with problems of flight, although 
the latter is a bit of an over-statement, is an evolution 
from a text book for teachers. This feature is largely 
responsible for the very clear method of presentation. As 
the author puts it, two cardinal questions govern the text: 
Which is the simplest form for the derivation and 
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presentation of the laws governing flow? Which experi. 
mental and theoretical results are of primary practical 
value? It seems that to a very large extent, the author has 
achieved his task. He has produced a book that can readily 
be used by engineers for the solution of practical problem; 
in a field which includes direct application to aircraft, 
without having first to “ translate ” the theoretical material, 

This book is in a way similar to the American texts, 
but has the advantage of offering a little more than the 
equivalent American text to the qualiitied reader. The 
attempt of the author to divide the book into primary 
reading (larger print) and advanced material (smaller 
print) is largely illusory as nearly half the book is a smaller 
print. This book is undoubtedly a useful contribution to 
the subject of applied fluid mechanics, but hardly of great 
direct use to the aeronautical engineer.—4J.s. 


LETTER SYMBOLS, SIGNS ABBREVIATIONS. 
Part I: General. B.S.1991, Part I, 1954. 48 pp. British 
Standards Institution, London, 1954. 6s. 

This booklet points the way to standardisation, in 
technical publications, of the use of symbols, signs and 
abbreviations. It developed from the revision of two 
previous British Standards—* Engineering Symbols and 
Abbreviations’ and ‘“ Chemical Symbols and Abbrevi- 
ations *—during which it became obvious that they should 
be combined, especially in so far as they related to the 
more fundamental quantities of common _ interest to 
physicists, chemists and engineers. Later parts of the 
same Standard will deal in the same way with specialised 
fields including, it is to be hoped, aeronautics. 

The recommendations contained in this first Part 
include General Principles, such as the use of particular 
alphabets and founts, of abbreviations without full stops, 
and the grouping of large numbers in threes, without 
commas. There are lists of symbols and abbreviations for 
mathematical operations and constants, of symbols used 
for the quantities most common in the various branches 
of science and engineering, of chemical symbols and of 
abbreviations for the names of units (e.g. k.w.h. for 
kilowatt-hour). 

This publication should be a guide to technical authors, 
editors and printers and represents the beginning of a 
most useful piece of work by the British Standards 
Institution and its Committees.—.c.P. 


BIBLIOGRAPHY OF BOOKS AND PUBLISHED REPORTS 
ON GAS TURBINES, JET PROPULSION AND ROCKET 
POWER PLANTS. Ernest F. Fiock and Carl Halpern. 110 
pp. National Bureau of Standards, U.S.A. 50 cents. 


This is a supplement to the National Bureau of 
Standards Circular 509, issued in 1951, and together they 
form an invaluable bibliography of the literature on 
reaction power plants. The references are in chronological 
order under main subject headings and in the four years 
covered some 5,000 titles have been collected. The low 
price (50 cents) is amazing and, as U.S. Government 
publications can be bought through H.M.S.O., nobody has 
any excuse for not having a copy.—F.H.S. 


STATISTICAL THEORY OF EXTREME VALUES AND 
SOME PRACTICAL APPLICATIONS. Lectures by Emil J. 
Gumbel. National Bureau of Standards, Washington, 1954. 
51 pp. Diagrams. 40 cents. 

This monograph is based on four lectures given at the 
National Bureau of Standards under the sponsorship of the 
Applied Mathematics Division. Its aim is to make the 
statistical theory and techniques of extreme values readily 
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yvailable to scientists and engineers. Particular appli- 
cations of interest to aeronautical engineers are to gusts 
ynd to the breaking strength of materials—and possibly 
the stock market! 


PROBLEMS RELATING TO THE DEVELOPMENT OF 
THE INTERNAL COMBUSTION ENGINE INDUSTRY IN 
INDIA. Proceedings of the Symposium held at the Indian 
Institute of Science, Bangalore, in April 1952. 242 pp. 
Diagrams. Published by the Council of Scientific and Industrial 
Research, New Delhi, 1954. 

In this country it is not, perhaps, realised that India 
has committed herself to a quite ambitious programme 
of research and has set up organisations comparable and 
similar to those we know so well. This Symposium offers 
a very good indication of the lines on which research is 
being done and the results that are being found. The 
names of the authors may not be household words—the 
limitations of English pronunciation will probably pre- 
clude that for ever—but the titles of the papers most 
certainly have a familiar ring and there can be little doubt 
that India is producing a technical literature that must not 
be treated lightly. 


General 
Illustrated. 


LAVIATION DES ORIGINES A NOS JOURS. 
Hebrard. Robert Laffont, Paris, 1954. 375 pp. 
(In French.) 

It is always interesting to see something you think you 
know reasonably well through someone else’s eyes—it so 
often provides a different prospective. One tends to think 
of the British contribution to aviation as occupying at least 
fifty per cent. of the history, whereas General Hebrard 
shows that this is not the case. 

This is an interesting book, condensing as it does, a 
history of flying into about three hundred pages of text. 
It is not a book to which one would refer for great detail 
about any particular historical fact, but it is a well illus- 
trated book and makes very good reading.—D.c.s. 


IDEAS AND WEAPONS. I. B. Holley, Jr. Yale University 
Press. Geoffrey Cumberlege, London. 222 pp. 30s. net. 

This is Volume 57 of the Yale Historical Publications, 
and the author is assistant professor of history at Duke 
University and consultant to the United States Army on 
military history. The book uses American experience with 
air power in the First World War to explore the relation- 
ships of scientific and technological innovations, the 
introduction of new weapons, and the development of 
doctrines governing their strategic and tactical use. Mr. 


Holley suggests that the United States may make a 
disastrous error in dealing with some revolutionary weapon 
of\ the future unless administrative processes are set up 
to convert the findings of science and technology system- 
atically into weapons and to formulate doctrines for their 
maximum use. 

The book contains a large number of American refer- 
ences and will be useful to those interested in the historical 
aspect of the planning, organisation and development of 
air Weapons.—E.C.P. 


AIRCRAFT YEAR BOOK 1953. Official publication of the 
Aircraft Industries Association of America Inc. Edited and 
published by Lincoln Press Inc., Washington, 1954. 463 pp. 
$6.00. 

In the “ acknowledgments” at the beginning of this, 
the 35th Annual Edition, it is pointed out that the Year 
Book “represents the combined editorial talent of the 
industry.” The result is a remarkable reference work 
covering all aspects of aviation. Section headings include 
Planes in Production (firm by firm), Engines in Production, 
Biographical Briefs, Chronology of U.S. Aviation, 1953 
Day by Day, Chronology, Records; and so forth. There 
are also Tables of Statistics and reviews of Industry, 
Research and Government Aviation. 

It is, of course, entirely American but it would be too 
much to expect an international publication covering so 
much material.—F.H.S. 


MODEL JETS AND ROCKETS FOR BOYS. Raymond 
Yates. Werner Laurie, 1954. 115 pp. Illustrated. 8s. 6d. 

The modern model aircraft bears about as much 
resemblance to its forebears as does a Viscount to a 
Lilienthal glider. 

This little book goes a long way towards making 
Junior’s models even more lethal and parents are advised 
to insure windows and glasshouses if they allow him to 
follow Mr. Yates. Let us quote: “the Jetex model 50 
. . . will shoot our proposed flying wing through the air 
one-fifth of a mile at a scale speed of several hundred 
miles an hour.” 

The last chapter is “ The Jetmaster and the Augmenter 
Tube.” It seems this tube “ will increase thrust by one-half 
an ounce” which seems a long cry from that extra strand 
of elastic that I used to employ. Nevertheless, if your boy 
is model-minded, this book will give him a lot of help in 
making models that really do look like the originals 
besides giving him a grounding and interest in chemistry.— 
F.H.S. 


Additions to the Library 


Air Coordinating Committee. Civi POLIcy. 
US.G.P.0. 1954. 
Biezeno, C. B. and R. Grammel. ENGINEERING DYNAMICS. 
VoL. III]. STEAM TURBINES. Blackie. 1954. 
Biezeno, C. B. and R. Grammel. ENGINEERING DYNAMICS. 
on IV. INTERNAL COMBUSTION ENGINES. Blackie. 
54, 
Eames, James P. TURBINE- AND JET-PROPELLED AIRCRAFT 
Power PLANTS. Chartwell House Inc. 1954. 
ore G. ADHESIVE BONDING OF METALS. Reinhold. 
4. 
Everhart, J. L. 
Reinhold. 1954. 
“Flight.” BRITISH AND COMMONWEALTH AIRCRAFT. Iliffe. 


TITANIUM AND TITANIUM ALLOYS. 


1954. 
“Flight” Staff. HaNpsoox. 5th Edition. 
lliffe. 1954, 


Indian Institute of Science. PROBLEMS RELATING TO THE 


DEVELOPMENT OF INTERNAL COMBUSTION ENGINE 
INDUSTRY IN INDIA. C.S.I.R. New Delhi. 1954. 

Jones, W/Cdr. Ira. TIGER SQUADRON. W. H. Allen. 1954. 

Morgan, P. (Editor). GLASS REINFORCED PLASTICS. 
Iliffe. 1954. 

N.P.L. GAUGE MAKING AND MEASURING. 
Applied Science No. 5). H.M.S.O. 1954. 

Pope, A. WIND-TUNNEL TESTING. 2nd Edition. 
man & Hall. . 1954. 

Shapiro, A. H. DYNAMICS AND THERMODYNAMICS OF 
COMPRESSIBLE FLUID FLow. Vol. II. Ronald Press. 
1954. 

Soissons, J. Dunod. 
1954. 

Thorne, F. W. and A. C. Walshaw. ENGINEERING UNITS 
AND THE STROUD CONVENTION. Blackie. 1954. 

Von Karman, T. AERODYNAMICS. Cornell University 
Press. 1954. 
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Reports 


AERODYNAMICS 
COMPRESSIBLE FLOW 


An analysis of shock-wave cancellation and reflection for porous 
walls which obey an exponential mass-flow pressure-difference 
relation. J. M. Spiegel and P. J. Tunnell. N.A.C.A. Technical 
Note 3223 (August 1954). 
Conditions are derived for cancellation and reflection of 
two-dimensional shock waves from porous walls with wall 
suction. An exponential relation between mass flow and 
pressure differential across the walls is assumed. Applications 
to three-dimensional shock waves are discussed.—(1.2.3.2). 


Some possibilities of using gas mixtures other than air in 

aerodynamic research. D. R. Chapman. N.A.C.A. Technical 

Note 3226 (August 1954). 
A study is made of possible uses in compressible-flow 
research of various gas mixtures having the same specific 
heat ratio as air. Such mixtures require low wind-tunnel 
power and have other possible applications in compressor 
research and firing-range research. Certain gas mixtures can 
be concocted which behave at wind-tunnel temperatures 
dynamically similar to air at flight temperatures.— 
(1.2% 4.121): 


The small-disturbance method for flow of a compressible fluid 
with velocity potential and stream function as independent 
variables. C. Kaplan. N.A.C.A. Technical Note 3229 (August 
1954). 
The equations of two-dimensional compressible flow are 
treated according to the Prandtl-Busemann small-disturbance 
method. In contrast to the usual procedure, the indevendent 
variables are the compressible velocity potential and stream 
function and the dependent variables are the rectangular 
Cartesian co-ordinates in the plane of flow. As an example, 
the general results of the analysis are applied to the case 
of subsonic compressible flow past a sinusoidal wall of small 
amplitude.—(1.2). 


FLuip DYNAMICS 


A_ bibliography and survey of the vortex tube. R. Westley. 
Cranfield Note 9 (March 1954). 
A comprehensive bibliography of vortex tube publications 
is given together with a brief survey of the development of 
the vortex tube between 1931 and 1953.—(1.4.3). 


INTERNAL FLOW 


The thermodynamics of frictional resisted adiabatic flow of 
gases through ducts of constant and varying cross section. 
W. R. Thomson. A.R.C. Current Paper 158 (September 1952, 
published 1954). 
An analytical study is given dealing with the adiabatic flow 
of gases with frictional losses through ducts of constant and 
varying cross section. The thermodynamic treatment is 
along lines published by other workers such as Bailey and 
Fabri and is essentially one-dimensional in character in so 
far that frictional effects are assumed to be uniformly distri- 
buted over the total cross-sectional area of flow. With this 
simplifying assumption, relationships are deduced in con- 
nection with the pressure, temperature, velocity and flow 
area of the gas at any one plane with those at any other 
plane in a duct.—(1.5.1.1). 


Experiments on the flow into a swept leading-edge intake at 
zero forward speed with notes on the wider uses of a slotted 
intake. J. Seddon and W. J. G. Trebble. R.M. 2909 (January 
1951, published 1954). 
The flow into a swept intake at zero forward speed (ground 
running conditions) is shown to be analogous to the flow 
round a sharp corner in a duct. Tests have been made 
on a model of a swevt-wing leading-edge intake to measure 
the losses involved.—(1.5.1). 


A method for evaluating the effects of drag and inlet pressure 

recovery on propulsion-system performance.  E, J. Kremzier, 

N.A.C.A. Technical Note 3261 (August 1954). 
A method for evaluating the effects of inlet pressure recovery 
and drag on propulsion system thrust minus drag perform- 
ance from consideration of engine over-all ‘“ pumping” 
characteristics is presented for air-breathing engines. The 
equations and curves presented facilitate the choice of inlet 
for maximum thrust minus drag. Illustrative examples of 
the use of the curves are also included.—(1.5.1). 


THERMO-AERODYNAMICS 


Diffusion of heat from a line source in isotropic turbulence, 

M. S. Uberoi and §. Corrsin. N.A.C.A. Report 1142 (1954). 
An experimental and analytical study has been made of some 
features of the turbulent heat diffusion behind a line heated 
wire stretched perpendicular to a flowing isotropic turbu- 
lence. The mean temperature distributions have been 
measured with systematic variations in wind speed, size of 
turbulence producing grid, and downstream location of heat 
source. The nature of the temperature fluctuation field has 
been studied.—(1.9.1). 


Examination of the existing data on the heat transfer of 
turbulent boundary layers at supersonic speeds from the point 
of view of Reynolds analogy. A. Seiff. N.A.C.A. Technical 
Note 3284 (August 1954). 
Experimental data from six investigations of the heat trans- 
ferred by a turbulent boundary layer at supersonic speeds 
are studied to see whether or not they are well represented 
by the modified Reynolds analogy. The heat-transfer data 
are compared with the existing data on turbulent skin friction 
at supersonic speeds as affected by Mach number and wall 
temperature ratio. The effect of the wall temperature ratio 
on the data is emphasised.—(1.9.1). 


WINGS AND AEROFOILS 


The effect of a small protuberance on potential flow past an 
aerofoil. H.C. Levey. A.R.L. Australia Aerodynamics Note 
134 (June 1954). 
The observed surface pressure distribution under a short 
separation bubble on a tbody may possibly te due to the 
effective change of shape of the body perturbing the main 
flow field. In order to test this hypothesis a formula to 


calculate the effect of a small vrotuterance on the flow } 


past a body is developed.—(1.10.1.1). 


Summary of stalling characteristics and maximum lift of wings 

at low speeds. H. O. Palme. §.A.A.B. Technical Note 15 

(April 1953, published 1954). 
As an introduction, the known two-dimensional flow 
problems are recapitulated. Additional problems for three- 
dimensional flow are analysed and five typical stall patterns 
are found. Test values for maximum lift taken from the 
literature are presented in a systematic form so that the 
influence of form parameters, Reynolds and Mach number 
can te found. The longitudinal stability during the stall 
is discussed.—({1.10.2). 


Summary of wind tunnel data for high-lift devices on swept 

wings. H.O. Palme. §.A.A.B. Technical Note 16 (April 1953. 

published 1954). 
Based on a recapitulation of the known aerodynamic 
characteristics of profiles with high-lift devices a mainly 
statistical analysis is made of these devices on swept-back 
wings. It is shown that large aspect ratio variations have 
very little effect on the effectiveness of the devices. The 
influence of sweepback, and of the span of the device, !§ 
on the other hand large. An approximate method for 
calculating the lift at a given angle of attack for wings with 
flaps is given.—(1.10.2 x 1.3.4). 


NOTE: —The figures in parentheses at the end of each Summary are for office use only. 
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Maximum lift for landing of swept wing aeroplanes. H. O. 
Palme. S.A.A.B. Technical Note 17 (April 1953, published 


1954). 

Based on experiences gained in flight tests of swept-wing 
aeroplanes, a discussion is made of possible methods for 
determining from wind tunnel tests the maximum obtainable 
lift coefficient for landing. This is found to be difficult 
since the dynamic effects experienced in actual flight are 
not present in the wind tunnel; however, an approximate 
calculation of obtainable lift for landing is carried through 
for swept-wing aeroplanes with various wing plan forms. In 
connection with this, various methods for prevention of tip 
stall are discussed.—(1.10.2 x 1.3.4). 


Theoretical investigation of the effects upon lift of a gap 
hetween wing and body of a slender wing-body combination. 
D. W. Dugan and Katsumi Hikido. N.A.C.A. Technical Note 
3224 (August 1954). 
Slender-body theory is applied to determine the effects upon 
lift of a gap between wing and body of a slender wing-body 
combination. Two cases are considered, one in which the 
wing and body are both inclined at the same angle with 
respect to the free stream, the other in which the body 
remains at zero angle of attack and the wing is deflected 
with respect to the body.—(1.10.1.2). 


Airfoil section characteristics at high angles of attack. L. K. 
Loftin. N.A.C.A. Technical Note 3241 (August 1954). 


Information from the literature and from recent investi- 
gations is used to summarise briefly the effects of aerofoil 
section parameters and flow variables on the aerodynamic 
characteristics of symmetrical aerofoils at high angles of 
attack. The results indicate that aerofoil thickness ratio, 
Reynolds number, Mach number, and surface roughness can 
all have an important effect on the maximum lift coefficient. 
—(1.10.2.1). 


Aerodynamic. characteristics of the N.A.C.A. 64-010 and 
0010-110 40/1-051 airfoil sections at Mach numbers from 
0:30 to 0°85 and Reynolds numbers from 4:0 x 10° to 8:0 x 10°. 
L. K. Loftin. N.A.C.A. Technical Note 3244 (August 1954). 
The results of a short two-dimensional investigation to 
determine the aerodynamic characteristics of the N.A.C.A. 
64-010 and 0010-1:10 40/1-051 aerofoil sections are 
presented. The investigation covered a Mach number range 
from 0:30 to 0-85 and the corresponding Reynolds number 
range extended from 4:0 10® to 8:0 x 10®—(1.10.2.1). 


HELICOPTER AERODYNAMICS 


The performance of a multi-engine helicopter following failure 
of one engine during take-off or landing. A. L. Oliver. A.R.C. 
Current Paper 175 (October 1953, published 1954). 
A theoretical analysis is made of the performance of multi- 
engine helicopters following failure of one engine in take-off 
and landing from the type of site proposed for Civil 
operation in built-up areas —(1.11.12). 


The field of flow through a helicopter rotor obtained from 
wind tunnel smoke tests. J. Meijer Drees and W. P. Hendal. 
N.L.L. Holland Report A.1205 (February 1950, published 1954). 


Results are given of wind tunnel smoke tests carried out 
on a simplified helicopter rotor in the open-jet wind tunnel 
of the N.L.L. For these tests a new method of smoke 
generation was developed.—(1.11.3). 


Airflow through helicopter rotors in vertical flight. J. Meijer 
Drees, L. R. Lucassen and W. P. Hendal. N.L.L. Holland 
Report V.1535 (December 1949, published 1954). 


An attempt is made to describe the field of flow through 
a helicopter rotor, in various working conditions in vertical 
flight. The limitations of the momentum theory are 
discussed. The spread of the slipstream explains the 
existence of an airbody around the rotor, working in the 
vortex ring state. By considering the properties of this 
airbody, the working conditions and the rough tehaviour 
of helicopters at moderate rates of descent can te under- 
stood more clearly.—(1.11.3). 


Reduction of helicopter parasite drag. R. D. Harrington. 
N.A.C.A. Technical Note 3234 (August 1954). 


A reduction in helicopter parasite drag is possible but not 
profitable except in those cases where high speed and long 
range are primary requirements. For some of the factors 
causing drag, reduction in parasite-drag area may result in 
increased weight whereas, in other cases, it does not. The 
final design, however, must be a compromise between the 
reduction of drag and the increase in weight.—(1.11.1). 


Wind-tunnel studies of the performance of multirotor configur- 
ations. R. C. Dingeldein. N.A.C.A. Technical Note 3236 
(August 1954). 


The power requirements measured in static thrust and in 
level forward flight are presented for a co-axial and a tandem 
helicopter rotor configuration. The experimental measure- 
ments are compared with the results of calculations based 
on existing N.A.C.A. single-rotor theory.—(1.11.3). 


Hovering performance of a helicopter rotor using N.A.C.A. 
8-H-12 airfoil sections. R. D. Powell. N.A.C.A. Technical 
Note 3237 (August 1954). 


A helicopter rotor employing N.A.C.A. 8-H-12 aerofoil 
sections has been tested on the Langley helicopter test tower. 
Tests were made for two surface conditions, one within 
0-002 inch of true aerofoil contour and the other within 
0-020 inch, The blades within 0-002 inch of true aerofoil 
contour showed an average decrease of 6 to 7 per cent. in 
total torque coefficients —(1.11.3). 


Review of information on induced flow of a lifting rotor. A. 
Gessow. N.A.C.A. Technical Note 3238 (August 1954). 


The available material relating to rotor inflow is summarised 
in a table as to flight condition, type of information, source, 
and the reference papers in which the data can be found. 
Some representative aspects of some of the reference material 
are discussed.—(1.11.3). 


TESTING AND INSTRUMENTS 
See also COMPRESSIBLE FLOW 


Model tests on an air interchange system for removing engine 
exhaust products from a wind tunnel. K. W. Newby, E. G. 
Barnes and D. W. Bottle. R. & M. 2639 (March 1948, published 
1954). 


Model tests have been made to investigate the functioning 
of an air interchange system for removing from a return- 
circuit wind tunnel a high proportion of the exhaust products 
from propulsive units under test. The tests were planned 
to assist the design of an engine altitude tunnel. With 
changing circumstances the priority of this tunnel has been 
reduced, but the tests were continued to give general 


information on the extraction of engine exhaust products 
from this type of wind tunnel.—({1.12.1). 


Some effects of exposure to exhaust-gas streams on emittance 
and thermoelectric power of bare-wire platinum rhodium- 
platinum thermocouples. G. E. Glawe and C. E. Shepard. 
N.A.C.A. Technical Note 3253 (August 1954). 


Thermocouples were exposed to exhaust gases from the 
combustion of propane, 72-octane gasoline, and JP-4 fuel. 
Two methods are presented for determining the emittance 
of the wires. The exposure caused negligible change in 
the thermo-electric power of the thermocouples.—1.12.6). 


Investigation of Mach number changes obtained by discharging 
high-pressure pulse through wind tunnel operating super- 
sonically. R.C. Haefeli and H. Bernstein. N.A.C.A. Technical 
Note 3258 (August 1954). 


A series of tests was performed to obtain an indication of 
the transient-flow phenomena caused ty discharging a 
chamber of high-pressure gas into a wind tunnel operating 
supersonically. Two types of gust were ottained; one had 
a maximum Mach number with a practically zero time 
duration whereas the other had a maximum Mach numter 
with a finite time duration depending on the specific 
geometry.—(1.12.1.3). 
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AEROELASTICITY 


Aerodynamic derivatives for a delta wing oscillating in elastic 

modes. D. L. Woodcock. A.R.C. Current Paper 170 (July 

1952, published 1954). 
Aerodynamic derivatives are given for a delta wing of aspect 
ratio 3 and 90° apex angle oscillating with symmetric elastic 
modes in incompressible inviscid flow. They have been 
determined by the lattice method of W. P. Jones, using the 
values of the downwash calculated by D. E. Lehrian when 
obtaining aerodynamic derivatives for the same delta wing 
oscillating in rigid wing modes.—{2). 


DESIGN AND CONSTRUCTION 


Low-speed yawed-rolling and some other elastic characteristics 
of two 56-inch-diameter, 24-ply-rating aircraft tires. W. B. 
Horne, B. H. Stephenson and R. F. Smiley. N.A.C.A. Technical 
Note 3235 (August 1954). 
The low-speed (up to 4 miles per hour) cornering character- 
istics of two 56x 16, type VII, extra-high-pressure, 24-ply- 
rating tyres were determined for a range of vertical loadings, 
yaw angles, and tyre inflation pressures. Locked-wheel drag 
tests were also made for one vertical load condition. The 
quantities measured included cornering force, drag force, 
self-aligning torque, pneumatic caster, vertical tyre deflection, 
rolling radius, and relaxation length. Some supplementary 
tests were made which included measurements of tyre foot- 
print area, vertical-load-deflection characteristics, and the 
a of tyre radius and width with inflation pressure.— 
(4.2.2.3). 


Papers on shimmy and rolling behavior of landing gears 

presented at Stuttgart Conference Oct. 16 and 17 1941. N.A.C.A. 

Technical Memorandum 1365 (August 1954). 
This report is a compilation of 16 papers dealing with 
landing gear behaviour and tyre characteristics which were 
presented at a conference in Stuttgart in 1941. Four of these 
papers deal with the rolling stability or veering-off tendency 
of nose and tail wheel tricycle landing gears. Four others 
deal with theoretical and experimental studies of the 
characteristics of pneumatic tyres including the side elasticity, 
the cornering characteristics, and the force distribution 
between tyre and runway. The remaining eight pavers 
deal with theoretical and experimental studies of wheel 
shimmy.—(4.2.2.3). 


AIRCRAFT OPERATION 


Some aspects of the helicopter noise problem. H.H. Hubbard 

and L. W. Lassiter, N.A.C.A. Technical Note 3239 (August 

1954). 
These discussions deal with the nature of the helicopter 
noise problem, some tentative criteria for use in evaluating 
it, and the physical characteristics of the noise. Overall 
noise data are presented for a reciprocating-engine helicopter 
along with discussions of the characteristics of noise from 
its various components such as the engine, gearing, and 
rotors. Some consideration is also given to the noise from 
tip jet rotor systems.—(5.1.5). 


FUELS AND LUBRICANTS 


Effects of chemically active additives on boundary lubrication 
of steel by silicones. S. F. Murray and R. L. Johnson. 
N.A.C.A. Technical Note 3257 (August 1954). 
Conventional chemically active additives and more active 
compounds such as peroxide were investigated. Conventional 
additives were not effective, but more active materials such 
as peroxide did give effective lubrication —(14.3). 


HYDRODYNAMICS 


Towing-tank tests on a large six-engine flying boat seaplane, to 
specification 10/46 (Princess). Part II. Porpoising stability, 
spray and air drag tests, with improved step fairing, afterbody 
design and aerodynamic modifications. A. G. Smith. D. F. 
Wright and T. B. Owen. R. & M. 2834 (November 1950, 
published 1954). 

Further model tests were made on the “ Princess” flying 
boat to: (a) improve the main-step fairing in order to reduce 


air drag while retaining satisfactory porpoising stability at 
high water speeds, (b) reduce the mid-planing porpoising 
instability found with the hull lines tested in Part I of this 
report (R. & M. 2461), (c) test the effect of increased wing 
and tailplane areas, (d) predict more accurately the full-scale 
performance of the final hull form by representing more 
closely the anticipated full-scale conditions of lift, slipstream 
and damping in pitch.—(17.2). 


A review of planing theory and experiment with a theoretical 
study of pure-planing lift of rectangular flat plates. C. L. 
Shuford. N.A.C.A. Technical Note 3233 (August 1954). 


A summary of the background and present status of the 
pure-planing flat-plate lift theories, and the fundamental 
assumptions and applicability to actual calculations of the 
planing lift force are reviewed. A proposed theory, based 
on the consideration of linear lifting-line theory less the 
suction component of lift plus cross flow effects, is presented 
and compared with existing planing formulae and experi- 
mental data.—(17.2). 


INSTRUMENTS AND EQUIPMENT 


A_ variable inductance acceleration transducer. H. K. P. 
Neubert. A.R.C. Current Paper No. 169 (August 1953, 
published 1954). 


The note describes a general purpose variable inductance 
acceleration transducer for ranges of +3g and +9g, It 
may be adapted with minor modifications for ranges up to 
about + 100g.—(18.1). 


MATERIALS 


Investigation into the machining of titanium 150A in the forged 
state. J.T. D. Holt and J. Purcell, Cranfield Report 84 
(August 1954). 


Tests to investigate various aspects of machining have been 
carried out at the College of Aeronautics on a billet of 
Titanium-150A, hot forged by High Duty Alloys. Measure- 
ments were made of the drilling forces, and an investigation 
of the cutting force when turning the blank was made. Tests 
were also made to determine the effect on tool life of tool 
shape, cutting speeds, of various rates of feed and of cutting 
lubricants and coolants.—(21.2.2). 


The effect of stress concentrations on the fatigue resistance of 
24ST aluminium alloy. J. Y. Mann. A.R.L. Australia Report 
S.M.217 (November 1953). 


An extensive series of rotating cantilever fatigue tests is 
reported in which five different 45° vee notches having Kt 
values of 10, 5:5, 4:3, 2:5 and 1:5 respectively were used 
to investigate the effects of stress concentrations upon the 
fatigue properties of 24S aluminium alloy. Tests were made 
from a nominal stress of 85,000 p.s.i. to a stress corres- 
ponding to a fatigue life of 100x10® cycles. Static bend 
tests were also made on each type of notch. Results show 
that the greatest strength reduction of the five notches 
investigated is caused not by the sharpest notch but by a 
notch of Kr=5-5.—(21.2.2). 


Mechanical properties at room temperature of four cermets of 
titanium carbide with nickel binder. A. E. Johnson, N.AC.A. 
Technical Note 3197 (August 1954). 


Room-temperature stress-strain curves are presented for 
compression, tension, and shear loadings on four com- 
positions of titanium carbide with nickel binder. Values 
of ultimate strength, modulus of elasticity, modulus of 
rigidity, Poisson’s ratio in the elastic region, density, and 
hardness for the four materials are tabulated.—(21.3.1). 


High-resolution autoradiography. G.C. Towe, H. J. Gomberg 
and J. W. Freeman. N.A.C.A. Technical Note 3209 (August 
1954). 


This investigation was made to adapt wet-process autoradio- 
graphy to metallurgical samples to obtain high resolution 
of segregated radioactive elements in microstructures. 
Results are confined to development of the technique, which 
was perfected to a resolution of less than 10 microns.— 


(21.1) 
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Investigation of nickel-aluminum alloys containing from 14 
to 34 per cent. aluminum, W. A. Maxwell and E. M. Grala. 
N.A.C.A. Technical Note 3259 (August 1954). 


Alloys containing the intermetallics NiAl and NisAl were 
prepared by casting. The melting practice developed was 
most important for the preparation of sound bodies. Room- 
and elevated-temperature strengths, ductilities, and suscepti- 
bilities to hot-rolling were determined.—(21.2.2). 


MECHANICAL ENGINEERING 


Some bearing materials under high pressures at low rotational 
speeds. C. Preston. Cranfield Note No. 12 (July 1954). 


A series of tests were carried out, in the Design Department 
of the College of Aeronautics, on plain journal bearings, 
at higher pressures than are normally encountered in 
engineering practice. Pressures of 40,000 lb./in.2 were 
tealised with a rubbing speed of 1-1 ft./min. Comparison 
between the various materials tested was effected by contin- 
uously rotating the bearings for fixed periods under various 
loads while friction and wear were measured periodically.— 
(23.2.1), 


METEOROLOGY 


A review of radiation scattering methods for measuring cloud 

droplet size. D. C. Baxter. National Research Council of 

Canada. Report No. MD-40 (April 1954). 
The fundamental aspects of radiation scattering from 
spherical particles are reviewed and used as a background 
for the study of various systems for the measurement of 
particle size in natural clouds, a parameter of interest in 
cloud physics and aircraft icing work. Corona, rainbow 
and polarisation methods are discussed but are considered 
hardly suitable —(24 x 11). 


POWER PLANTS 


Method and graphs for the evaluation of air-induction systems. 

G. B. Brajnikoff. N.A.C.A. Report 1141 (1953). 
Graphs that allow rapid evaluation of air-induction systems 
from considerations of their aerodynamic parameters in 
combination with power-plant characteristics are presented 
for the supersonic Mach numbers up to 3-0. Restrictions 
imposed by the engine characteristics on the use of a fixed- 
size air inlet are discussed and illustrated by means of sample 
solutions. The relation between the engine characteristics, 
flight conditions, inlet characteristics, and inlet area for 
optimum performance is given.—(27.1). 


The near noise field of static jets and some model studies of 
devices for noise reduction. L. W. Lassiter and H. H. Hubbard. 
N.A.C.A. Technical Note 3187 (July 1954). 


Experimental studies of the pressure fluctuations near jets 
were made during unchoked operation of both a full-scale 
turbo-jet engine and a one-inch-diameter high-temperature 
model jet and , during choked operation of model jets of 
0:275-inch to 2:00-inch diameter with unheated air. Fre- 
quency spectra and spatial distributions of pressure magni- 
tude are given for the full-scale configuration and model 
data are used to illustrate probable trends at different oper- 
ating conditions for the unchoked jets. Laboratory methods 
of reducing the magnitude of pressure fluctuations from 
choked and unchoked jets are discussed and sample illus- 
trations are given.—(27.1). 


Determination of flame temperatures from 2000° to 3000°K 

by microwave absorption. P. W. Kuhns. N.A.C.A. Technical 

Note 3254 (August 1954). 
Equations are developed and a procedure is outlined for 
obtaining flame temperatures from the attenuation of micro- 
waves by temperature-induced free electrons. The electron- 
molecule collision frequency and the effective ionisation 
potentials of alkali metals are found from the attenuation 
by a gaseous burner flame in the region 1900° to 2400°K. 
Temperature data of a liquid-propellant burner flame is 
presented in the region 2200° to 2900°K.—(27.3). 


PRODUCTION ENGINEERING 


The economics of aircraft production; a study of the control 
of overhead costs in aircraft manufacture. B.C. Twiss and 
H. M. Davies. Cranfield Report No. 80 (March 1954). 


This paper represents an attempt to appraise the different 
factors which must be considered in applying modern 
methods of cost control to aircraft production, and to 
suggest those positive measures best calculated to effect such 
control. The emphasis throughout is on control of over- 
head costs as these are by far the largest element in the 
total cost make-up.—(28) 


PROPELLERS 


Aerodynamic investigation of a four-blade propeller operating 
through an angle-of-attack range from 0° to 180°. H. Clyde 
McLemore and M. D. Cannon. N.A.C.A. Technical Note 3228 
(June 1954). 
The results of an investigation in the Langley full-scale 
tunnel of the aerodynamic characteristics of a four-blade, 
5-33-foot diameter propeller are presented for angles of 
attack from 0° to 180°, blade angles from 0° to 67°5°, and 
a range of advance ratio from 0 to 6:2. The results include 
a preliminary exploration of vertical descent and a com- 
parison with theory of the rate of change of the normal- 
force coefficient with angle of attack and the aerodynamic 
characteristics of the propeller at zero angle of attack.— 
29.1). 


STRUCTURES 


Loaps 


Statistical measurements of contact conditions of 478 transport- 
airplane landings during routine daytime operations. N. S. 
Silsby. N.A.C.A. Technical Note 3194 (June 1954). 


Statistical measurements have been obtained from photo- 
graphs taken with a specially built motion-picture camera 
of 478 landings of present-day transport aeroplanes during 
routine daylight operations in clear air at the Washington 
National Airport. From these measurements, sinking speeds, 
bank angles, rolling velocities, and horizontal speeds have 
been evaluated and a limited statistical analysis of the 
results has been made. An attempt was made to determine 
the effect of various parameters such as gusty-wind condi- 
tions, wing loading, and size of aeroplane (number of 
engines) which influence the landing contact conditions.— 
(33.1.2). 


THEORY AND ANALYSIS 


The stress distribution in a swept-back box-beam with perpendi- 

cular ribs. P. B. Hovell. R. & M. 2837 (December 1950, 

published 1954). 
A solution is obtained for the distribution of internal load 
in a swept-back box-beam of rectangular cross section under 
any system of external loading. The theory, based upon 
strain energy, is considered exact when the ribs are perpendi- 
cular to the spars and when the spanwise bending loads 
are taken by the spar booms.—(33.2.4.1.2 x 33.2.3.2). 


Solicitacion de flexion y torsion de alas en flechas. R. Freyer. 
Aeronautica Argentina. Comunicaciones E Informes. C-7 
(1954).—(33.2.3.2). 


Measured deflections and twist of a 45° swept rectangular tube. 

N. B. Joyce. A.R.L., Australia. Report SM 223 (January 

1954). 
A 45° swept-back tube of rectangular cross section was 
loaded by a single concentrated load at each of a number 
of loading points in turn, and the deflection of the tube 
measured at every loading point for each position of the load. 
Each deflection measurement was thus a flexibility influence 
coefficient, giving the deflection at one point in terms of 
the load at another. These influence coefficients are plotted 
to show the overall deformed shape of the tube, under each 
load, and are compared with simple engineering predictions 
of the deflection and twist of the tube under the same load. 
—(33.2.4.1.2 x 33.2.4.1.5). 
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Introduction a la connaissance de la rhéologie. M. Mathieu. 
O.N.E.R.A. France Publication No. 70 (1954).—(33.2.2). 


Comparative investigation at fluctuating tension (R=0) on Dural 

lugs of different design. A. Hartman. N.L.L. Holland Report 

M. 1932 (28th October 1953). 
The report gives the results of fatigue tests at fluctuating 
tension (R=0) on dural lugs of various designs. The inves- 
tigation aimed to determine the influence on the fatigue 
strength of the static design criteria for dural lugs as given 
in Air Publication 970. Comparative tests with lugs on the 
Amsler Vibraphore at a frequency of 6,000/min. and on a 
Losenhausen hydraulic pulsator at a frequency of 1,000/min. 
gave reasonable agreement in endurance.—(33.2.4.13.10). 


Static tests and fatigue tests on Redux-bonded built-up and 
solid light-alloy spar booms. A. Hartman and J. H. Rondeel. 
N.L.L. Holland Report M. 1936. (February 1954). 
Three types of Redux-bonded spar booms were subjected 
to static tests and fatigue tests in compression and/or 
bending. For comparison, bending tests were also carried 
out on solid machined booms.—(33.2.4.1.10 x 33.2.4.1.2). 


A comparative investigation on the influence of sheet thickness 
type of rivet and number of rivet rows on the fatigue strength 
at fluctuating tension of riveted single lap joints of 24 ST-alclad 
sheet and 17 § rivets. A. Hartman. N.L.L. Holland Report 
M. 1943 (February 1954). 
Fatigue tests at fluctuating tension were carried out on riveted 
single lap joints of 24 ST alclad sheet and 17 § rivets to 
determine the influence of sheet thickness, type of rivet and 
number of rivet rows.—(33.2.4.13.10). 


The effect of various fits on the fatigue strength of pin-hole 

joints. A. Hartman and F. A. Jacobs. N.L.L. Holland Report 

M. 1946 (April 1954). 
The effect of a loose, an easy, a tight and a hard drive fit 
on the fatigue strength at fluctuating tension (R about 0) of 
pin-hole joints, consisting of a steel pin with a diameter of 
10 or 6 mm. through 24 ST alclad sheet of 6 or 3 mm. 
thickness, was investigated for endurances from 104 to 5-107 
load reversals.—(33.2.4.13.10). 


Experimental stress analysis of stiffened cylinders with cutouts. 

Shear load. F. R. Schlechte and R. Rosecrans. N.A.C.A. 

Technical Note 3192 (July 1954). 
A cylindrical semi-monocoque shell of circular cross section 
was mounted as a cantilever and loaded by a direct shear 
at the tip. The cylinder was tested with no cutout, with a 
rectangular cutout on the tension side, and with the cutout 
centred on the neutral axis on one side of the cylinder. 
The cutout was successively enlarged through six sizes vary- 
ing from 30° to 130° in circumference and from 1 and 2 
bays in length. Strain measurements were made with 
resistance-type wire strain gauges near the cutout on the 
stringers, the skin, and the rings for each case, and the 
stresses obtained are presented in tables.—(33.2.4.3). 


An investigation of the creep lifetime of 75S-T6 aluminum-alloy 

columns. E. E. Mathauser and W. A. Brooks, Jr. N.A.C.A. 

Technical Note 3204 (July 1954). 
The results of short-time elevated-temperature creep tests of 
75S-T6 aluminium-alloy columns are presented and examined 
with the objective of obtaining procedures for predicting 
column lifetime. Semi-empirical lifetime curves are obtained 
with the aid of a previously published column creep theory 
and are used for deriving column curves. A study is made 
of the effects of variations of stress and out-of-straightness 
on column lifetime. Plots that do not exolicitly include out- 
of-straightness are presented and may be satisfactory for 
predicting column lifetime for design purposes.—(33.2.4.2.9). 


Torsional vibrations of hollow thin-walled cylindrical beams. 
E. T. Kruszewski and E. E. Kordes. N.A.C.A. Technical Note 
3206. (August 1954). 
Theoretical analysis of the torsional vibrations of hollow 
thin-walled cylinders are presented. Solutions for beams 
of arbitrary doubly symmetrical cross section with uniform 
wall thickness are civen for cantilever and free-free beam 
vibrations.—(33.2.4.5). 


—=:!” 


A_ nonlinear theory of bending and buckling of thin elastic 

shallow spherical shells. A. Kaplan and Y. C. Fung. N.A.C.A, 

Technical Note 3212 (August 1954). 
The problem of the finite displacement and buckling of a 
shallow spherical dome is investigated both theoretically and 
experimentally. Experimental results seem to indicate that 
the classical criterion of buckling is applicable to very 
shallow spherical domes for which the theoretical calculation 
was made. A transition to energy criterion for higher domes 
is also indicated.—(33.2.4.11.3). 


Tests of bonded and riveted sheet-stringer panels. L. Mordfin 
and I. E. Wilks. N.A.C.A. Technical Note 3215 (June 1954), 
Bending and compression tests were performed on 21 sheet- 
stringer panels of 75S-T6 aluminium alloy having alclad 
sheets nominally 0-051 inch thick and stringers normally 
+ inches apart. Nine panels had I-stringers bonded to the 
sheets with Araldite Type I adhesive, three panels had I- 
stringers bonded to the sheets with Metalbond adhesive, and 
nine panels had Z-stringers riveted to the sheets. All tests 
were carried to failure and strain and deformation measure- 
ments were made.—(33.2.4.6.6). 


THERMODYNAMICS 


Stationary rig experiments on the heat extracting power of 

closed thermosyphon cooling holes. H. W. Hahnemann. 

A.R.C. Current Paper 152 (November 1951, published 1954), 
In order to fill a gap in our knowledge of blade cooling 
methods, some stationary rig experiments have been made 
on heat flow in closed sodium-filled holes in turbine blades. 
The stationary rig was simply a tube filled with fluid, trans- 
ferring heat upwards by free convection from an electrically 
heated lower section to a water cooled upper secticn— 
(34.3). 


A theoretical note on effusion cooled gas turbine blades. R. 

Staniforth. A.R.C. Current Paper 165 (1954). 
Solutions of both dynamic and thermal boundary layer 
equations have been obtained for two-dimensional isothermal 
incompressible laminar flow over semi-infin'te wedges for 
a range of wedge angles and injection quantities. These 
solutions are applied to the estimation of cooling air injection 
velocity required ty an effusion-cooled turbine blade, using 
an approximate method and also a method similar to that 
described by Eckert and Mangler. Proposals are given 
enabling calculated isothermal results to te applied to non- 
isothermal flow.—(34.3.4). 


Diffusion flames in the laboratory. J. Barr. Agard Memor- 
andum AG11/MT7 (May 1954).—(34.1.1). 


A survey of air-flow factors governing flame extinction in jet 
engine combustors (the Derwent V combustor with separated 
air supplies, part VI). F. B. Adler and J. Rosenthal. A.R.L. 
Australia Mechanical Engineering Note 178 (April 1954). 
The major factors contributing to weak extinction in jet 
engine combustors have teen surveyed and the mechanism 
of extinction analysed. The test work was carried out on a 
simulated Derwent V combustor using two different atomiser 


shroud configurations and various designs of swirler— 
(34.1.1). 


Flame stabilization in a hot gas stream by the upstream air 
blast injection of kerosene fuel. N. Golitzine. N.A.E. Labor- 
atory Report LR-102 (May 1954). 
Experiments were made in connection with the thrust 
boosting of jet engines by exhaust reheat, to determine the 
flame stability limits of kerosine fuel injected upstream into 
a hot gas stream by means of an air blast.—(34.1.1). 


Determination of viscosity of exhaust-gas mixtures at elevated 

temperatures, J.C. Westmoreland. N.A.C.A. Technical Note 

3180 (June 1954), 
The viscosities of five samples of dry-exhaust-gas mixtures 
at approximately atmospheric pressure and at temperatures 
of from 0° to 1,100°C are presented. A method of analysis 
and correlation proposed by Sutherland has been applied to 
the data and equations were derived therefrom for 
representing the results.—(34.1) 
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ESSRS. S. SMITH & SONS (ENGLAND) LTD. require 

the services in the Cheltenham area of a number of 
Qualified Electrical Engineers, Physicists and Mathematicians 
for research work in the field of small electro-mechanical 
systems. Knowledge of electronics and servo mechanisms is 
desirable but consideration will be given to ability, initiative 
and inventiveness rather than experience. Salaries will range 
from £500 to £1,500 per annum, according to ability and 
experience. Housing accommodation is guaranteed to selected 
applicants after a satisfactory probationary period. Application 
should be made in the first instance to the Personnel Manager. 
Messrs. S. Smith & Sons (England) Ltd., Evesham Road. 
Bishops Cleeve. nr. Cheltenham, Glos., for application form 
quoting ref. CHR9/G. 


HIEF STRESSMAN is required by Normalair Ltd., to be 
responsible for strength calculations in connection with 
aircraft pressurising and air conditioning equipment, including 
cold air units and high altitude breathing equipment, and other 
new projects. An engineering degree or equivalent is essential. 
Applications stating age, experience, qualifications and salary 
required are to be addressed in the first instance to the 
Personnel Officer. Normalair Ltd., Yeovil. 2 


BRITAIN’S NEW 


“COMMUNICATIONS ELEC- 
TRONICS” is the first British 
journal to concentrate on the 
practical applications of new 
communication and_ electronic 
equipment and techniques. The 
first issue has been so well 
received that the subscription 
list resembles a “ Who’s Who” 
of leading personalities, firms 
and organisations throughout 
the field of industry and com- 
munications, and we are proud 


* 


“Communications and 


TECHNICAL 


Authoritative ! 


Articles in the 100 page November issue include: 
** Avro’s Ferranti El 
“Improved Air-to-Ground Communications for New Zealand ” 
** Electronic and Allied Equipment in Aircraft ** 

** Electronics in Aviation Medicine ” 


COMPLETE THIS COUPON — NOW 


THE COLLEGE OF AERONAUTICS 


PPLICATIONS are invited for the post of LECTURER 

in the DEPARTMENT OF AIRCRAFT PROPULSION. 
Candidates should have advanced knowledge of some branch 
of thermodynamics or gas dynamics, and of the theory and 
performance of propulsion units, and some practical experience 
of one or more modern propulsion systems. They should 
possess a degree and/or other recognised professional quali- 
fication. Salary within range £600-£1,000 per annum depending 
upon qualifications and experience, with superannuation under 
F.S.S.U., and Family Allowance. A small house on the College 
estate may be made available. Applications giving full details 
of qualifications, etc., and quoting the names of three referees 
should be addressed to the Recorder, The College of Aero- 
nautics, Cranfield, Bletchley, Bucks. Further particulars avail- 
able. Closing date for applications 12th November 1954. 


NGINEER—required by Guided Weapons firm near London 
L. for work involving many aspects of missile dynamics and 
flight trials. Experience in aerodynamics essential. Good 
Degree, age about 24/27 and several years experience in aircraft 
or missile industry required. Write in confidence to Box 
AC00332, Samson Clarks, 57/61 Mortimer Street, W.1. 
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to number many members of 
the Royal Aeronautical Society 
amongst our subscribers. In de- 
sign, construction and operation, 
aircraft are inseparable from 


tions and electronic equipment. 
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“Communications and Electronics” 
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I will pay you thirty shillings on receipt of invoice for 12 issues. 
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AERONAUTICAL MONOGRAPH No. 4 


Ready 15th November 


Massbalancing 
of Aircraft Control Surfaces 


By H. TEMPLETON 


Demy 8vo 241 pages 39 figures 358. net 


The first book to deal specifically with the application of massbalancing 


to the prevention of flutter of aircraft control surfaces 


Published under the authority of the Royal Aeronautical Society by 


CHAPMAN & HALL 
37 ESSEX STREET LONDON WC2 


Volume V 1954 


The Aeronautical Quarterly 


With Volume V THE AERONAUTICAL QUARTERLY has returned to 
four issues a year. 


ParT 1 (May 1954) is still available. 

ParT 2 (July 1954) is still available. 

PART 3 (September) is available. 

ParRT 4 will be available towards the end of November. 


SUBSCRIPTIONS AND PRICES PER PART 


Members—per Part 7s. 9d. ($1.10). Subscription £1 11s. ($4.35) 
including postage and packing. 


Non-Members—per Part 15s. 3d. ($2.15). Subscription £3 1s. ($8.55) 
including postage and packing. 


The Royal Aeronautical Society + 4 Hamilton Place W.1 
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CAREERS IN THE AIRCRAFT INDUSTRY 


HE BRISTOL AEROPLANE COMPANY LIMITED 
require to recruit a large number of Draughtsmen and 
Technical Engineers with structural and mechanical experience 
who are particularly welcome to apply for employment. 
There are a large number of places waiting to be filled by:— 


(a) Intermediate, Senior and Design Draughtsmen in the 
various design drawing offices, including Structures, Systems. 
Electrics. Electronics and Mechanical Sections. 


(b) Intermediate and Senior Technical Engineers in the Struc- 
tures Analysis, the Aeroelasticity, the Power-Control Sections, 
the Systems Group and the Engineering Development Labora- 
tories where the facilities are modern and extensive. 

A Degree or Higher National Certificate in Aeronautics. 
Mechanical or Structural Engineering is required. 


(c) Intermediate and Senior Technicians in the Performance. 
Aerodynamics and the Wind Tunnel Sections of the Aero- 
dynamics Departments. 

A Degree or Higher National Certificate in Aeronautics or 
Mechanical Engineering is required. 


(d) Designers, Technical Engineers and Aerodynamicists in 
the Helicopter Design Offices. 
Here. Helicopter experience is desirable. 


Some of the above vacancies are in the Design Offices in 
the West End of London. 

Good salaries. working conditions and prospects, together 
with the pension and welfare schemes, make employment with 
the Company an attractive proposition, well worth considering. 

Applications. giving details of experience, qualifications and 
salary required, quoting D.O.25, should be addressed to the 
Personnel Manager, The Bristol Aeroplane Company Limited, 
Aircraft Division, Filton House, Bristol. 


DOWTY EQUIPMENT LIMITED 
CHELTENHAM 


require 


STRESSMEN 
with Higher National Certificate or Degree for 
interesting work on Aircraft Undercarriages and 
Hydraulics. 
DRAUGHTSMEN 


for Hydraulics and Undercarriage Division. 


These are permanent positions with 
excellent prospects of advancement. 


Attractive environment. Good working conditions. 


5 day week. Canteen. Pension Scheme. 


Write in tabulated form to: 


PERSONNEL MANAGER 


AERODYNAMICIST 


RAPIDLY expanding precision instrument manufacturing 

firm holding long term design and development contracts 
has a vacancy in its Aerodynamics Department for very interest- 
ing work on AUTOPILOTS. Good salary and excellent 
prospects for a man of degree standard or equivalent. Previous 
experience not essential. Please forward full details of career 
and salary required (which will be treated in strict confidence) 
to Box No. 250. 


NORMALAIR_ LIMITED 


have vacancies at Yeovil for the following staff: 


* Draughtsmen 
D.O. Checkers 

* Performance Technicians 
Laboratory Technicians 

* Stressmen 
Development Engineers 
Technical Illustrators 
Technical Writers 
Spares Compilers 
Technical Clerks 


For work on aircraft pressurising and air conditioning 
equipment, including cold air units and high altitude 
breathing equipment, and other new projects. 


Starred vacancies also exist at our London Factory at 
Cricklewood. 


Generous Superannuation Scheme. 
Excellent prospects. 
Rapidly expanding organisation. 


Applications stating age, experience and salary required 

are to be addressed in the first instance to the Personnel 

Officer, Normalair Ltd., Yeovil, Somerset, quoting 
reference 12/N/5/54. 


Fifth Anglo-American 
Aeronautical Conference 


LOS ANGELES, CALIFORNIA 


20th June — Ist July 1955 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY}\ 


[ADVERTISEMENTS NOVEMBER 1954 


| 
ae 
; 
4 
21 


ACCLES & POLLOCK LTD. 


BOULTON PAUL AIRCRAFT LTp 


ALUMINIUM CAST AUXILIARY DRIVE GEAR 80X 


AEROPLANE & MOTOR ALUMINIUM CASTINGS LTD. 
ERDINGTON, BIRMINGHAM. 


AIRCRAFT MATERIALS LTD. 


STRUCTURAL MATERIALS 
and COMPONENTS 


THE BRISTOL AEROPLANE CO LTD 


BRITISH THOMSON-HOUSTON CO. LTD 


ELECTRICAL EQUIPMENT 


FOR AIRCRAFT 


AUTOMOTIVE PRODUCTS CO. LTD. 


BIRMETALS LTD 


BLACKBURN G GENERAL AIRCRAFT LTD. 


Blackburn 
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CHEMICAL & !NSULATING CO. LTD. 


LIGHTWEIGHT, HIGH TEMPERATURE INSULATION 


THE DAVID BROWN FOUNDRIES CO. 


THE 


‘DAVID BROWN 


- CORPORATION (SALES) LIMITED 
FOUNDRIES DIVISION 


» PENISTONE NEAR SHEFFIELD 


HIGH TENSILE AND HEAT RESISTING 
STEEL CASTINGS FOR AIRCRAFT 
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DOWTY EQUIPMENT LTD 


DOWTY 


UNDERCARRIAGE AND 
HYDRAULIC EQUIPMENT 
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FT LTD 


) LTD 


ETB 


LTD. 


TD 


ELECTRO HYDRAULICS LTD 


LIMITED 


LIVERPOOL ROAD, WARRINGTON 


H. M. HOBSON LTD. 


Hobson 


THE ENGLISH ELECTRIC CO. LTD., LONDON 


ENGLISH ELECTRIC 


MANUFACTURERS OF 
AIRCRAFT, AIRCRAFT EQUIPMENT, 
WIND TUNNEL DRIVES, TEST PLANTS FOR 
RECIPROCATING AND TURBINE-TYPE ENGINES 
SUPERCHARGERS, COMPRESSORS, ETC. 


FIRTH-VICKERS STAINLESS STEELS LTD. 


THE HUGHES-JOHNSON STAMPINGS LTD. 


HUNTING PERCIVAL AIRCRAFT LTD. 


SIR CEORGE GODFREY & PARTNERS LTD. 


.. . Aircraft pressurization 
and air conditioning equipment. 


SIR GEORGE GODFREY & PARTNERS LTO 
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MILLIONS OF HOURS AHEAD! | 


AIR CONDITIONING EQUIPMENT 


Normalair Limited have pleasure in announcing an 
extension of their Licence Agreement with the AiResearch 
Manufacturing Company, a Division of the Garrett 
Corporation of Los Angeles, to cover all components for 
cabin pressure, flow, and temperature control. It is our 
considered opinion that there should be one technical 
co-ordination of the many components involved in such a 
system, including refrigeration and temperature control. 


The AiResearch refrigeration turbines have 15,000,000 
operating hours experience behind them on 42,800 units. 
Their latest 10 lb./min. pack only weighs 5-8 lb. as against 
16:5 for the original model, whilst the refrigeration pro- 
vided is roughly doubled. All this has been achieved 


without sacrifice of overhaul life, where overhaul hours 
now range from 400 to 8,000 hours for 10 Ib. and 100 
Ib./min. units respectively. 


Similarly, the AiResearch development of pneumatic 
temperature control, which completely obviates the neces- 
sity for any form of electrical components, results in a 
simple mechanical light-weight unit of small volume. 


Normalair Limited have the greatest pleasure in 
offering these components on the British market in view 
of their outstanding qualities and will be interested to 
receive enquiries, in either of these two fields of tempera- 
ture control. 
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